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ABSTRACT
Using g ra in  sorghum s i l a g e  a s  th e  s o le  so u rc e  o f  roughage , 
b len d ed  w ith  c o n c e n tra te  m ix tu re s ,  th r e e  com plete  r a t io n s  o f v a ry in g  
e n e rg y  le v e ls  (R ation  A -  60 Therm s, R a tio n  B -  65 Therm s, and R a tio n  
C -  70 Therms p e r  45.45 kg d ry  m a t te r )  and o f  d i f f e r e n t  f i b e r  le v e ls  
(A -  20.30%, B -  17.10%, and C -  13.86% ), b u t  a lm o s t s im i la r  i n  crude 
p r o te in  c o n te n ts  (A -  15.39%, B -  15.47%, and C -  15.86%) w ere formu­
la te d  to  s tu d y  th e  e f f e c t s  on m ilk  p ro d u c tio n , m ilk  c o m p o sitio n , 
e f f i c i e n c y  o f  energy  u t i l i z a t i o n ,  and rumen v o l a t i l e  f a t t y  a c id  produc­
t i o n  o f  tw elve h ig h -p ro d u c in g  l a c t a t i n g  H o ls te in  cows w hich w ere ra n ­
domly a ss ig n ed  i n  a s e r i e s  o f  4 (3  x 3 ) l a t i n  sq u a re  d e s ig n .
T h is s tu d y  was conducted  from  November, 1970 to  Ja n u a ry ,
1971. I t  c o n s is te d  o f  th r e e  p e r io d s  o f  tw en ty -one  days e a c h , w ith  
th e  f i r s t  seven  days c o n s id e re d  a s  p r e l im in a ry  p e r io d  and th e  l a s t  
f o u r te e n  days a s  the  e x p e r im e n ta l p e r io d  f o r  c o l l e c t i o n  o f  th e  d a ta .
The average d a i l y  feed  In ta k e  o f  th e  cows on R a tio n s  A,
B, and C w ere: d ry  m a t te r  (kg) -  1 7 .8 3 , 1 9 .9 4 , and 2 1 .6 8 ; ENE (Therms)
2 2 .8 1 , 2 8 .5 2 , and 3 3 .1 5 , r e s p e c t iv e ly .  These v a lu e s  were s i g n i f i ­
c a n t ly  (P <  .0 1 ) d i f f e r e n t  w ith  C o v er A and B, and B over A.
The mean d a i ly  m ilk  p ro d u c t io n  (kg) o f  th e  cows on R a tio n s  
A, B, and C w ere: a c tu a l  -  2 0 .7 4 , 2 3 .1 6 , and 2 4 .1 2 ; FCM -  1 9 .1 0 ,
2 0 .9 2 , and 2 2 .5 5 ; and SCM -  1 8 .5 8 , 2 0 .8 5 , and 2 2 .6 5 , r e s p e c t iv e ly .  
A c tu a l m ilk  p ro d u c tio n , FCM, and SCM o f  th e  cows on R a tio n  C w ere 
found to  be s ig n i f i c a n t l y  (P < .0 1 )  g r e a t e r  th a n  th o se  o f  th e  o th e r
i x
two g ro u p s; th e  m ilk  p ro d u c tio n  o f  th e  cows on R ation  B were g r e a te r  
(P < .0 1 )  th a n  th a t  o f  cows on R a tio n  A.
The av erag e  d a i ly  feed  e f f i c i e n c y  (Therms ENE/kg FCM) o f 
th e  cows on R a tio n s  A, B, and C w ere 1 .2 3 ,  1 .3 9 , and 1 .5 0 , r e s p e c t iv e ly .  
Feeding  cows th e  low en erg y  r a t io n  (R a tio n  A) r e s u l te d  in  a  s i g n i f i ­
c a n t ly  (P <  .0 1 )  more e f f i c i e n t  en e rg y  u t i l i z a t i o n  o f  th e  r a t i o n  o v er th e  
h ig h e r  en e rg y  r a t io n s  (R a tio n s  B and C ).
The mean p e rc e n ta g e s  f o r  th e  m ilk  c o n s t i tu e n ts  o f  th e  cows
on R a tio n s  A, B, and C w ere: m ilk  f a t  (%) -  3 .4 8 , 3 .3 7 ,  and 3 .5 5 ;
t o t a l  s o l id s  (%) -  1 1 .7 5 , 1 1 .9 0 , and 1 1 .2 5 ; SNF (%) -  8 .2 8 , 8 .5 3 , 
and 8 .7 5 ; and p r o te in  (%) -  3 .0 3 , 3 .1 0 ,  and 3 .1 8 , r e s p e c t iv e ly .  The 
means f o r  th e  above m ilk  c o n s t i tu e n ts  o f  th e  cows on R a tio n  C w ere 
found to  be s ig n i f i c a n t l y  (P <  .05  f o r  m ilk  f a t ,  P <  .0 1  f o r  th e  
o th e r  m ilk  c o n s t i tu e n ts )  h ig h e r  th a n  th e  v a lu e s  o b ta in e d  on th e  o th e r  
two r a t i o n s .  The means f o r  SNF and p r o te in  o b ta in e d  on R a tio n  B 
were s i g n i f i c a n t l y  (P <  .0 5 ) h ig h e r  th a n  th o se  on R a tio n  A, w h ile  
th e  av e rag e  m ilk  f a t  p e rc e n ta g e  on R a tio n  B was s i g n i f i c a n t l y
(P < .0 5 )  low er th a n  th a t  o b ta in e d  on R a tio n  A.
The mean m o la r p e rc e n ta g e s  f o r  rumen v o l a t i l e  f a t t y  a c id s  
o f  th e  cows on R a tio n s  A, B, and C w ere : a c e t i c  -  6 8 .7 9 , 6 9 .4 8 , and
6 8 .8 5 ; p ro p io n ic  a c id  -  2 1 .3 2 , 2 1 .1 3 , and 2 0 .8 8 ; and b u ty r ic  a c id  -  
1 0 .5 2 , 1 0 .8 8 , and 1 1 .1 7 , r e s p e c t iv e ly .  The av e rag e  pH v a lu e s  f o r  
R a tio n s  A, B, and C w ere 6 .7 8 , 6 .6 2 , and  6 .6 1 ,  r e s p e c t iv e ly .  None 
o f  th e se  v a lu e s  were s i g n i f i c a n t l y  d i f f e r e n t .
Economic e v a lu a t io n  o f th e  th r e e  r a t io n s  in d ic a te d  t h a t  th e  
b e s t  r e tu r n s  above feed  c o s ts  w ere o b ta in e d  by  fe e d in g  cows w ith  th e  
h ig h e r  en e rg y  r a t io n s  (B and C ).
In  g e n e r a l ,  i t  can  be concluded th a t  u n d er th e  c o n d it io n s  
o f  t h i s  s tu d y , th e  o v e r a l l  perform ance o f  cows fed  w ith  th e  h ig h  energy  
r a t i o n  (R a tio n  C) was q u i t e  en co u rag in g . However, th e  e n e rg y  le v e l  
o f  70 Therms p e r  45 .4 5  kg d ry  m a tte r  in  a  com plete feed  may n o t  be 
th e  c e i l i n g  f o r  th e  cows u sed  in  t h i s  s tu d y  a s  in d ic a te d  by a  s i g n i ­
f i c a n t  (P < . 0 1 } l i n e a r  re sp o n se  o b ta in ed  in  m ilk  p ro d u c tio n  when 
e n e rg y  le v e l  in c re a se d  from  60 to  70 Therms.
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INTRODUCTION
D airy ing  i n  th e  U nited S ta te s ,  p a r t i c u l a r l y  in  th e  s o u th e a s te rn  
a r e a ,  co n tin u es  to  be more c o n c e n tra te d  on few er and m ore s p e c ia l iz e d  
d a i r y  fa rm s. On th e s e  farm s, th e re  i s  a ls o  s p i r a l i n g  in c r e a s e  in  la b o r  
c o s t s .  For th e se  re a s o n s ,  th e re  i s  a need to  r e - e v a lu a te  th e  c u r re n t  
fe e d in g  and management system s on th e se  farm s .
At p r e s e n t ,  th e  com plete r a t io n  system  o f  fe e d in g  i s  in c r e a s in g ly  
b e in g  adop ted  on th e  l a r g e r  h e rd  s i z e .  Com plete r a t i o n  sy stem  o f 
fe e d in g  i s  e s s e n t i a l l y  a feed in g  program  w here th e  roughage and g ra in  
a r e  mixed to g e th e r  and a l l  th e  cows a r e  p e rm itte d  to  consume th e  amount 
o f  com plete  feed th e y  w ant re g a rd le s s  o f  th e  amount o f  m ilk  b e in g  
produced  o r  th e  s ta g e  i n  th e  l a c ta t io n  p e r io d .  T h is sy s tem  i s  p rov ing  
econom ical by m in im iz in g  hand la b o r  and in c r e a s in g  e f f i c i e n c y  b ro u g h t 
a b o u t by m ec h an iz a tio n  and au to m atio n .
The L o u is ian a  S ta te  U n iv e rs ity  d a i ry  e x te n s io n  s p e c i a l i s t s  a r e  
c u r r e n t ly  recommending to  L o u is ian a  d a i ry  fa rm ers  a co m p le te  r a t io n  
c o n ta in in g  th e  fo llo w in g  an a ly ses  on a d ry  m a t te r  b a s i s :  65 Therms
e s tim a te d  n e t  energy  (ENE) p e r  45 .45  kg d ry  m a t t e r ,  12 .5  to  14 .0  p e r  
c e n t  c ru d e  p r o te in ,  1 7 .0  to  20 .0  p e r  c e n t c ru d e  f i b e r ,  p lu s  v ita m in  A 
and s a l t  supplem ents ( 1 ) .  W hether o r  n o t ,  th e  recom m endation is  
a d e q u a te  to  in s u re  maximum and e f f i c i e n t  m ilk  p ro d u c tio n  needs to  be 
s tu d ie d ,  e s p e c ia l ly  th e  energy  v a lu e .  Much c o n ce rn  h as  been  g iv en  to  
th e  energy  le v e l  o f  com plete  r a t io n s  as i t  r e l a t e s  d i r e c t l y  to  m ilk  
p ro d u c tio n . For t h i s  re a so n , t h i s  i n v e s t ig a t io n  was co n d u c ted  w ith  th e  
fo llo w in g  o b je c t iv e s :  (a) to  de term ine  th e  co m p ara tiv e  e f f e c t s  o f
v a ry in g  energy le v e ls  (60 , 65 , and 70 flierm s p e r  45 .45  kg d ry  m a tte r )  
o f  com plete  feed s  c o n ta in in g  c o n c e n tr a te  and g r a in  sorghum s i l a g e  on 
m ilk  p ro d u c tio n , m ilk  co m p o sitio n , rumen v o l a t i l e  f a t t y  a c id  p ro d u c tio n  
and e f f i c ie n c y  o f  en erg y  u t i l i z a t i o n ;  (b) to  d e te rm in e  p ro b ab le  
s t a t i s t i c a l  c o r r e la t io n s  betw een c e r t a i n  m ilk  c o n s t i tu e n ts  and r e l a t i v e  
p ro p o r tio n s  o f  v o l a t i l e  f a t t y  a c id s ;  and (c) to  e v a lu a te  th e  n e t  
r e tu r n s  above feed  c o s ts  o f  th e  th r e e  r a t io n s  s tu d ie d .
REVIEW OF LITERATURE
T his s e c t io n  w i l l  c o v e r th e  r e s u l t s  o f e a r ly  and r e c e n t  s tu d ie s  
on com plete  f e e d s ,  energy  le v e l  in  com ple te  fe e d s , m ilk  f a t  d e p re s s io n  
and some p o t e n t i a l  h e a l th  problem s on th e  use o f  com plete f e e d s ,  g r a in  
sorghum s i l a g e  as so u rc e  o f  roughage, en erg y  and i t s  r o le  in  m ilk  
p ro d u c tio n , m ethods o f  e x p re s s in g  energy  v a lu e  o f  fe e d s , e s tim a te d  n e t  
energy  and i t s  r e l a t i o n  to  t o t a l  d i g e s t i b l e  n u t r i e n t s ,  e f f i c i e n c y  o f  
en erg y  u t i l i z a t i o n ,  and rumen v o l a t i l e  f a t t y  a c id s  in  r e l a t i o n  to  
c e r t a i n  m ilk  c o n s t i t u e n t s .
E a r ly  S tu d ie s  on Com plete Feeds
P erhaps one o f  th e  e a r l i e s t  in v e s t ig a t io n s  on com plete  fe e d s  was 
t h a t  o f  H a rsb a rg e r  (35) in  1952 who r e p o r te d  th e  e f f e c t s  o f  fe e d in g  
th r e e  co m p le te  r a t io n s  to  l a c t a t i n g  d a i r y  cows. The r a t io n s  fed  w ere :
(A) a s e l f - f e d  com plete  feed  m ix tu re  c o n ta in in g  70% ground a l f a l f a  hay  
and 30% c o n c e n tr a te :  (B) th e  s e l f - f e d  m ix tu re  o f  a l f a l f a  and c o n c e n tr a te  
p lu s  s i l a g e ;  and (C) a com plete  feed  m ix tu re  c o n ta in in g  60% c o a r s e ly  
ground hay  p lu s  long  hay  and 40% c o n c e n tr a te .  These th r e e  r a t io n s  w ere 
fed  to  th r e e  p a i r s  o f  cow s. The av erag e  d a i ly  FCM p ro d u c tio n  o f  th e  
cows on th e  th r e e  r a t io n s  w ere: (A) 13 .93  kg; (B) 13.39 kg: (C) 13.87
k g , r e s p e c t iv e ly .  The r e s u l t s  in d ic a te d  no s ig n i f i c a n t  d i f f e r e n c e s  
betw een t r e a tm e n ts ,  su g g e s tin g  th a t  com ple te  m ix tu re  o f  c o a r s e ly  ground 
hay  and c o n c e n tra te s  can  be fed  to  l a c t a t i n g  d a iry  cows w ith o u t 
a f f e c t i n g  m ilk  p ro d u c tio n  and h e a l th  o f  th e  an im als . However, i t  was 
n o t u n t i l  th e  tu rn  o f  th e  e a r ly  s i x t i e s  t h a t  m ost s tu d ie s  on com ple te
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feed s  w ith  d a i r y  cows w ere conducted  (50, 53, 55, 60 , 61 , 72, 79 , 81, 
8 7 ) .  A com prehensive rev iew  on th e s e  in v e s t ig a t io n s  up to  1966 was 
r e p o r te d  by V i l la v ic e n c io  (9 0 ) . The p io n e e r in g  s tu d ie s  on com plete  
feed s  in c lu d e d  such  d iv e r s e  f a c e ts  as p h y s ic a l  form o f  th e  ro u g h ag e , 
ad l ib i tu m  and r e s t r i c t e d  fe e d in g , and d i f f e r e n t  fo ra g e  to  c o n c e n tra te  
r a t i o s .
G e n e ra l ly ,  th e  r e s u l t s  o f  th e  e a r ly  s tu d ie s  on t h i s  r e c e n t  
in n o v a tio n  o f  fe e d in g  can  be  summarized as fo llo w s : (a) th e  feed
in ta k e  and m ilk  p ro d u c tio n  o f  cows fed  w ith  com plete r a t io n s  w ere 
g e n e r a l ly  co m parab le , and in  some in s ta n c e s ,  com plete  feed s  w ere more 
e f f i c i e n t l y  u t i l i z e d  th a n  th e  c o n v e n tio n a l r a t io n  ( c o n c e n tra te s  and 
roughage b e in g  fed  s e p a r a te ly ,  (b) th e  problem  o f  f a t  d e p re s s io n  was 
o b se rv ed  in  some s tu d i e s ,  (c) in c o rp o ra t io n  o f  30% roughage a p p e a rs  to  
be th e  minimum le v e l  in  m a in ta in in g  th e  f a t  p e rce n ta g e  in  m ilk ,  (d) 
p h y s ic a l  form and cru d e  f i b e r  le v e l  o f  th e  r a t io n  a r e  c r i t i c a l  f a c to r s  
in f lu e n c in g  p e r  c e n t f a t  i n  m ilk , and (e) m ost o f  th e  r e p o r ts  w ere 
o b ta in e d  from  s h o r t  te rm  s tu d i e s .
Recent S tu d ie s  on Com plete Feeds
T here h a s  been  co n tin u o u s  re s e a rc h  in  r e c e n t  y e a rs  to  f u r t h e r  
e v a lu a te  t h i s  ty p e  o f  fe e d in g  system ; th e r e f o r e ,  an a tte m p t w i l l  be 
made to  rev iew  co m prehensive ly  a l l  th e  com plete feed  s tu d ie s  from  1967 
to  d a te .
In  1967, L e ig h to n  and Helm (54) o f  Texas A & M U n iv e r s i ty  
com pared th e  perfo rm ances o f  36 l a c t a t i n g  J e rs e y  and H o ls te in  cows fed  
w ith  th r e e  r a t i o n s :  (A) c o n t r o l ,  a l f a l f a  hay  and sorghum g reen -ch o p p ed
fed  ad l ib i tu m , and a c o n v e n tio n a l c o n c e n tra te  m ix tu re  fed  a t  th e
a v e ra g e  o f  1 kg to  2 .5  kg o f  m ilk ; (B) m ix tu re  o f  30% ground a l f a l f a  
hay  and 70% ground sorghum g ra in  fed  f re e  c h o ic e ;  and (C) a s im i la r  
r a t i o n  c o n ta in in g  c h o p p e d -a lfa lfa  h ay . D uring  th e  seven-w eek p e r io d , 




Ave. t o t a l  fe e d  in ta k e  (kg) 17.17 16.0 14.21
FCM p ro d u c tio n  (kg) 16.41 17.05 15.41
M ilk f a t  (%) 3 .7 0 3 .25 3 .75
S tag e  o f  l a c t a t i o n  o f  th e  cows and s t a t i s t i c a l  a n a ly s is  o f  th e  
d a ta  w ere n o t g iv e n . However, i t  was co n clu d ed  th a t  th e  r e l a t i v e l y  
c o a rs e  g r in d in g  o f  th e  hay i n  R a tio n  B d e p re sse d  m ilk  f a t  t e s t .
W orkers (47) a t  S ou thern  I l l i n o i s  U n iv e r s i ty  in  1967, compared 
roughage and p r o te in  so u rces  in  co m p le te  fe e d s  f o r  tw elv e  l a c t a t i n g  
cows - s i x  H o ls te in ,  th r e e  J e rs e y s  and th r e e  G uernseys. The d e s ig n  o f 
th e  ex p erim en t was a L a tin  Square ch an g e -o v e r c o n s is t in g  o f  fo u r  p e r io d s . 
Each p e r io d  c o n s is te d  o f  2-week ch an g e-o v er and 2-week com parison 
p e r io d s .  The com plete  feed s  used (40%  roughage and 60% c o n c e n tra te )  
w ere: (A) h ay la g e  p lu s  c o n c e n tr a te  w ith  s o y b e a n 'o i l  m ea l; (B) co rn
s i l a g e  p lu s  c o n c e n tra te  w ith  soybean o i l  m e a l; and (C) c o rn  s i l a g e  p lu s  
c o n c e n tr a te  w ith  u re a .  The TDN o f  th e  r a t io n s  ranged  from 5 5 .1  to  
56.7% . A ll  th e  feed s  w ere fed  ad l ib i tu m . D ata o b ta in e d  f o r  mean 
d a i l y  FCM (kg) and m ilk  f a t  (%) w ere: (A) 17 .8  and 3 .7 0 ; (B) 18 .0  and
3 .7 3 : and (C) 16 .6  and 3 .7 ,  r e s p e c t iv e ly .  Feed in ta k e  d a ta  w ere n o t 
g iv e n . I t  was concluded  in  t h i s  s tu d y  th a t  h a y la g e  and c o rn  s i l a g e  can
be s u c c e s s f u l ly  In c o rp o ra te d  in to  a co m p le te  feed  r a t io n  a t  40% le v e l  
and fed  ad l ib i tu m . I t  was a l s o  p o in te d  o u t t h a t  u rea  can  be a so u rce  
o f  p r o te in  in  a com plete  r a t i o n .
In  the  i n v e s t ig a t io n  by S ta n le y  and M o rita  (8 6 ) a t  th e  U n iv e rs i ty  
o f  H aw aii i n  1967, tw e lv e  H o ls te in  cows in  e a r ly  l a c t a t i o n  w ere random ly 
a s s ig n e d  to  th e  fo u r  t r e a tm e n ts :  (A) com ple te  r a t i o n  fe d  tw ic e  d a i ly ;
(B) roughage a t  7 :00  A.M. and c o n c e n tr a te  a t  1 :00  P .M .; (C) com plete  
r a t io n  fe d  fo u r  tim es d a i ly ;  and (D) roughage a t  7 :00  A.M. and 1 :00  P.M., 
and c o n c e n tra te  a t  10:00 A.M. and 4 :0 0  P.M. R a tio n s  w ere fo rm u la ted  to  
c o n ta in  50% roughage (p in e a p p le  b ra n )  and 50% c o n c e n tr a te  i te m s . The 
d e s ig n  o f  th e  experim en t was a L a tin  S quare  ch an g e-o v er c o n s is t in g  o f  
fo u r  p e r io d s .  Each p e r io d  c o n s is te d  o f  f iv e  weeks (3 weeks used  fo r  
ch an g e-o v er o f  feed s  and feed  a d ju s tm e n t, and th e  l a s t  two weeks fo r  
d a ta  c o l l e c t i o n ) . The r e s u l t s  o b ta in e d  w ere as fo l lo w s :
R a tio n s
Response A B C D
D aily  DM in ta k e  (kg) 13 .2 12.7 13.6 13.6
Ave. d a i ly  FCM p ro d u c tio n  (kg) 15 .01 14.81 14.82 14.27
M ilk f a t  (%) 4 .0 5 3 .9 0 3 .96 4 .0 7
The d i f f e r e n c e  among th e  above means f o r  each c a te g o ry  w ere non­
s i g n i f i c a n t .  I t  can be co n c lu d ed  from  t h i s  s tu d y  t h a t  th e  feed  in ta k e  
and m ilk  p ro d u c tio n  w ere r e l a t i v e l y  low , and th e  system  o f  fe e d in g  d id  
n o t a f f e c t  th e  perfo rm ance o f  th e  a n im a ls .
R esearch  a t  L o u is ian a  S ta te  U n iv e r s i ty
The f i r s t  com plete  fe ed  s tu d y  a t  L o u is ian a  S ta te  U n iv e rs ity  was 
re p o r te d  by V ll la v lc e n c io  e t  a l .  (91) in  1968. This s tu d y  was under­
ta k e n  to  d e te rm in e  th e  lo n g  te rm  e f f e c t s  (110  days co n tin u o u s t r i a l )  o f  
fe e d in g  th r e e  com plete  r a t io n s  c o n ta in in g  d i f f e r e n t  so u rc e s  o f  roughage 
( a l f a l f a ,  c o tto n se e d  h u l l s ,  and n a t iv e  g ra s s  hay) as compared to  a 
c o n v e n tio n a l system  o f  fe e d in g  th e  roughage and c o n c e n tra te  s e p a r a te ly ,  
u s in g  s ix te e n  h ig h -p ro d u c in g  H o ls te in  cows w hich w ere random ly a l l o t e d  
in  a Randomized B lock D esign  w ith  a s p l i t - p l o t  on tim e ( p e r io d s ) . The 
r a t io n s  (30% roughage and 70% c o n c e n tr a te )  w ere: (A) a l f a l f a  hay
( lo n g ) , and c o n c e n tra te  fed  s e p a r a te ly ;  (B) a l f a l f a  hay (chopped to  
2 .5  cm) and c o n c e n tra te  i n  a  com ple te  fe e d ; (C) c o t to n -s e e d  h u l l s  and 
a c o n c e n tra te  i n  a com plete  f e e d ;  and (D) n a t iv e  g ra s s  hay and a 
c o n c e n tra te  in  a com plete  f e e d .  A ll  r a t io n s  w ere ap p ro x im a te ly  
is o n itro g e n e o u s  (15 .93  to  16.31% c ru d e  p r o te in )  and i s o c a lo r i c  (62 .4  to  
65% TDN) on a d ry  m a t te r  b a s i s .  Each cow was fed  ad l ib i tu m . The 
r e s u l t s  o f  th e  s tu d y  w ere as  fo llo w s :
Response A
R atio n s 
B C D
D aily  DM in ta k e  (kg) 19.79 20.35 23.04 19.20
Ave. d a i ly  FCM p ro d u c tio n  (kg) ... 22 .50 23.40 20.90 17.50
M ilk f a t  (%) 2 .91 2 .77 2 .76 3 .26
S t a t i s t i c a l  an a ly se s  o f  th e  d a ta  showed t h a t  cows r e c e iv in g  R atio n  C 
consumed s i g n i f i c a n t l y  (P <  .0 5 ) more DM th a n  th e  o th e r  two g ro u p s, 
b u t no s ig n i f i c a n t  d i f f e r e n c e s  w ere ob serv ed  in  FCM p ro d u c tio n  and
m ilk  f a t  p e rc e n ta g e s .  The o b serv ed  m ilk  f a t  d e p re s s io n  in  th e  r a t io n  
w ith  c o tto n s e e d  h u l l s  (R a tio n  C) may be due to  th e  f a c t  t h a t  c o tto n se e d  
h u l l s  had a s m a lle r  p a r t i c l e  s i z e  and resem b les  th e  fe e d in g  o f  ground 
hay in  R a tio n  B. A lthough th e r e  w ere no s ig n i f i c a n t  d i f f e r e n c e s  
ob serv ed  in  FCM p ro d u c tio n  among g ro u p s, i t  m ust be  p o in te d  o u t t h a t  
under th e  c o n d it io n s  o f  t h i s  s tu d y , c o tto n se e d  h u l l s  and n a t iv e  g ra s s  
hay a r e  s l i g h t l y  i n f e r i o r  to  a l f a l f a  hay in  term s o f  n u t r i t i v e  v a lu e  
as so u rc e s  o f  roughage f o r  b le n d in g  in  a com plete r a t i o n  f o r  l a c t a t i n g  
cow s.
F o llo w in g  t h i s  s tu d y ,  G u th rie  e t  a l . ,  (28) in  1970, r e p o r te d  on 
com plete  fe e d  s tu d ie s  u s in g  co rn  s i l a g e ,  a l f a l f a  h ay , and c o a s ta l  
Bermuda p e l l e t s  as  so u rc e s  o f  roughage f o r  b le n d in g  a l l - i n - o n e  r a t i o n s . 
However, th e  r a t io n s  used  w ere fo rm u la ted  to  c o n ta in  40% roughage and 
60% c o n c e n tr a te  on an  en erg y  b a s i s .  I n  t h i s  i n v e s t ig a t io n ,  s ix te e n  
h ig h -p ro d u c in g  H o ls te in  cows w ere a s s ig n e d  to  a 4 x 4 L a tin  Square 
d e s ig n  in  a 120-day t r i a l ,  to  a  c o n tr o l  r a t i o n  (A) w ith  roughage (co rn  
s i l a g e  and a l f a l f a  hay  and c o n c e n tra te  fed  s e p a r a te ly ,  and th r e e  
com ple te  feed s  c o n ta in in g  d i f f e r e n t  so u rc e s  o f  roughage; B - c o rn  s i l a g e  
C - co rn  s i l a g e  and c o a s t a l  Bermuda p e l l e t s ,  and D -  c o rn  s i l a g e  p lu s  
h a y ) . The r a t io n s  c o n ta in e d  1 2 .4 'to  14.8% cru d e  p r o te in  and 5 9 .0  to  
69.2% TDN on a 90% d ry  m a tte r  b a s i s .  Each cow was fe d  ad l ib i tu m . The 




Ave. d a i ly  DM in ta k e  (kg) 19 .5 17.6 2 0 . 1 19.2
Ave. d a i ly  FCM p ro d u c tio n  (kg) 20 .9 19.7 2 0 . 2 2 0 . 1
M ilk  f a t  (%) 3 .6 5 3 .7 5 3.57 3.56
No s ig n i f i c a n t  d i f f e r e n c e s  in  m ilk  p ro d u c tio n  w ere o b serv ed  among th e  
cows on th e  fo u r  r a t i o n s .  However, a s i g n i f i c a n t l y  (P < .05) h ig h e r  
m ilk  f a t  p e rc e n ta g e  was o b ta in e d  w ith  cows on c o rn  s i l a g e  a lo n e  as  a 
so u rc e  o f  roughage. Dry m a tte r  in ta k e  was s ig n i f i c a n t l y  (P < .05) 
low er on th e  co rn  s i l a g e  a lo n e  r a t i o n  compared to  th e  o th e r  th r e e  
r a t i o n s .  These r e s u l t s  in d ic a te  t h a t  c o rn  s i l a g e  and c o a s ta l  Bermuda 
p e l l e t s  can  be used  s a t i s f a c t o r i l y  a s  so u rc e s  o f  roughage in  a com plete  
fe e d . In  a n o th e r  s tu d y  u s in g  s ix te e n  h ig h -p ro d u c in g  H o ls te in  cows, 
Drude e t  a l .  (20) compared th e  e f f e c t s  o f  fo u r  com plete  r a t io n s  
c o n ta in in g  th e  fo llo w in g  com binations o f  ro u g h ag es: (A) co rn  s i l a g e
and a l f a l f a  p e l l e t s ,  (B) co rn  s i l a g e  and c i t r u s  p u lp ,  (C) a l f a l f a  
p e l l e t s  and c i t r u s  p u lp , and (D) a l f a l f a  p e l l e t s  and c o tto n se e d  h u l l s .  
These r a t io n s  (40% roughage and 60% c o n c e n tr a te  on an  energy  b a s is )  
c o n ta in e d  14 .0  to  19.6% cru d e  p r o te in  and 295 to  326 Therms p e r  100 kg 
on a  90% d ry  m a tte r  b a s i s .  A ll  th e  feed s  w ere fed  ad l ib i tu m  to  
in d iv id u a l  cows fo r  84 days in  a L a tin  Square d e s ig n . The r e s u l t s  o f  
t h i s  s tu d y  w ere as fo llo w s :
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Response A
R atio n s 
B C D
Ave. d a i ly  DM in ta k e  (kg) 22 .35 22.40 17.19 20.65
Ave. d a i l y  FCM p ro d u c tio n  (kg) 21 .31 22 .90 18.67 20.14
M ilk  f a t  (%) 3 .3 5 3 .4 6 2 .74 2 .8 0
S t a t i s t i c a l  a n a ly se s  o f  th e  d a ta  showed t h a t  R a tio n s  A and B s i g n i f i ­
c a n t ly  (P < .01) r e s u l t e d  in  h ig h e r  v a lu e s  a s  compared to  th o se  o b ta in e d  
from R a tio n s  C and D. FCM p ro d u c tio n  o f  th e  cows in  R a tio n  B was 
s i g n i f i c a n t l y  (P <  .01 ) h ig h e r  th a n  th o se  o f  R a tio n  A. These r e s u l t s  
im ply  t h a t  w here c o rn  s i l a g e  i s  n o t a v a i l a b l e ,  a l f a l f a  p e l l e t s  p lu s  
c i t r u s  p u lp  o r  c o tto n se e d  h u l l s  may be used  as so u rc e s  o f  roughage in  
com plete  f e e d s .  However, th e  r a t io n s  w ith o u t c o rn  s i l a g e  may r e s u l t  
i n  low er m ilk  f a t  p e rc e n ta g e .
C u rre n t S tu d ie s  on Com plete Feeds
In  1970, H uff e t  a l .  (40) o f  N o rth  C a ro lin a  U n iv e r s i ty  compared 
th e  p r a c t i c e  o f  o f f e r in g  co m p le te ly  m ixed fe e d  as  th e  s o le  so u rce  o f  
n u t r i e n t s  f o r  l a c t a t i n g  d a i ry  cows and t h a t  o f  p ro v id in g  th e  c o n c e n tra te  
and roughage p o r tio n s  s e p a r a te ly .  Two groups o f  16 H o ls te in  cows each , 
w ere s u b je c te d  to  th e  two d i f f e r e n t  fe e d in g  reg im es f o r  one l a c t a t i o n .  
Group I  was a llow ed  f r e e  a c c e ss  to  a co m p le te  fe e d  c o n ta in in g  41% ground 
c o rn  c o b s , and co n fin e d  to  an  e s s e n t i a l l y  b a r r e n  l o t .  Group I I  was 
o f f e r e d  c o rn  s i l a g e  and g ra s s  hay  ad l ib i tu m ,  and c o n c e n tra te  was fed  
a c c o rd in g  to  th e  c h a lle n g e  sy stem . The co m p le te  fe e d  f o r  Group I  
c o n ta in e d  12.5% c ru d e  p r o te in  and 64.5% TUN. R e s u lts  showed th a t  th e
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av e rag e  305-day ME 4% FCM p ro d u c tio n , a d ju s te d  f o r  p roducing  a b i l i t y ,  
w ere 6 ,285  kg and 7 ,048  kg f o r  Groups I  and I I ,  r e s p e c t iv e ly .  The 
d i f f e r e n c e  betw een th e  p ro d u c tio n  d a ta  was n o t s t a t i s t i c a l l y  s ig n i f i c a n t .  
No d i f f e r e n c e s  betw een th e  two groups w ere n o ted  w ith  r e s p e c t  to  m ilk  
c o m p o sitio n , o r  d is e a s e  p ro b lem s. T his s tu d y  in d ic a te s  th a t  co rn  c o b s , 
i f  p ro p e r ly  supp lem en ted , co u ld  be  used  s a t i s f a c t o r i l y  in  a com plete 
r a t i o n .
S tu d ie s  a t  th e  U n iv e r s i ty  o f  P u e rto  Rico u s in g  b ag asse  as a 
so u rc e  o f  roughage fo r  com ple te  r a t io n s  w ere re p o r te d  by Randel (76) 
i n  1970. Two groups o f  th r e e  cows e a c h , i n  t h e i r  t h i r d  month o f 
l a c t a t i o n  w ere a s s ig n e d  to  two r a t i o n s : ( I )  c o n t r o l  r a t io n  c o n ta in in g
40% ground s h e l le d  co rn  and 16% soybean m ea l; and ( I I )  t e s t  r a t io n  
c o n ta in in g  0.25% le s s  o f  each  (co rn  and soybean m e a l, w ith  0.5% B0SPR0 
(B o rd en 's  rumen s t im u la n t ) .  Both o f  th e s e  r a t io n s  c o n ta in e d  20% ground 
b a g a s se . The two r a t io n s  c o n ta in e d  an av e rag e  o f  20.9% cru d e  p r o te in  
on d ry  m a tte r  b a s i s .  The r a t io n s  w ere fe d  ad l ib i tu m , in  a d d i t io n  to  
5 kg o f  poor q u a l i ty  sorghum s i l a g e  g iv en  to  each  cow d a i ly .  The 
a v e rag e  d a i ly  feed  consum ptions o b ta in e d  w ere 22 .0  and 21 .9  kg fo r  
R a tio n s  I  and I I ,  r e s p e c t iv e ly .  A verage d a i ly  re sp o n ses  f o r  a c tu a l  
m ilk  (k g ), and m ilk  f a t  (%) w ere: ( I )  21 .7  and 3 .8 2 ; and ( I I )  22 .2  and
3 .7 5 . Ih e se  v a lu e s  w ere n o t s t a t i s t i c a l l y  s i g n i f i c a n t .
In  a n o th e r  s tu d y  by Randel (75) in  1970, u re a  o r  u rea  p lu s  
f ish m e a l w ere added as su p p lem en ta l n i t r o g e n  so u rc e s  f o r  b ag asse  
com ple te  r a t i o n s .  E ig h teen  Brown Swiss and H o ls te in  cows i n  e a r ly  
l a c t a t i o n  w ere random ly a s s ig n e d  to  th r e e  com plete  r a t io n s  c o n ta in in g  
25% b a g a sse  and 75% c o n c e n t r a te s . The r e s p e c t iv e  p ro p o r tio n s  o f  
n i t r o g e n  supplem ent added to  th e  com ple te  r a t io n s  w ere : ( I )  1 /2  u rea
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and 1 /2  tu n a  f is h m e a l;  ( I I )  3 /4  u re a  and 1 /4  tu n a  f ish m e a l;  and ( I I I )
1 u rea  and 0 f is h m e a l.  The ex p erim en t was conducted  c o n tin u o u s ly  fo r  
104 d a y s . The r e s u l t s  o f  th e  I n v e s t ig a t io n  w ere as fo llo w s :
Response I
R a tio n s
I I I I I
Ave. d a i ly  DM in ta k e  (kg) 19.66 17.52 14.96
Ave. d a i ly  FCM p ro d u c tio n  (kg) 21.97 19.65 18.07
M ilk  f a t  (%) 4 .2 3 4 .1 2 3 .97
The d i f f e r e n c e s  In  th e  d ry  m a tte r  consum ptions o f  th e  th r e e  r a t io n s  
w ere found to  be  s i g n i f i c a n t  a t  P <  .0 5 , w h ile  th o se  f o r  m ilk  f a t  
p e rc e n ta g e s  w ere n o n s ig n i f i c a n t .  I t  can  be n o ted  th a t  d ry  m a t te r  in ta k e  
d e c re a se d  as th e  amount o f  u rea  added in  th e  r a t i o n  was In c re a s e d .  I t  
was concluded  in  t h i s  in v e s t i g a t io n  t h a t  com plete  r a t io n s  w ith  a h ig h  
p ro p o r t io n  o f  c o n c e n tr a te s  a r e  eco n o m ica lly  f e a s ib l e  f o r  ad l ib i tu m  
fe e d in g  o n ly  in  a re a s  w here th e  p r ic e  re c e iv e d  f o r  m ilk  i s  much h ig h e r  
th a n  th e  p r ic e  p a id  f o r  c o n c e n t r a te s .
Energy L evel on Com plete Feed S tu d ie s
Energy le v e l  i n  a  com ple te  r a t io n  i s  u s u a lly  v a r ie d  by a l t e r i n g  
th e  r e l a t i v e  p ro p o r tio n s  o f  i t s  roughage and c o n c e n tr a te  com ponents. 
H ence, m ost o f  th e  s tu d ie s  r e p o r te d  on th e  e f f e c t s  o f  energy  le v e l  on 
m ilk  p ro d u c tio n  have d e a l t  w ith  th e  e f f e c t s  o f  d i f f e r e n t  roughage to
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c o n c e n tr a te  r a t i o s .
In  1968, N elson  e t  a l .  (69) o f  L o u is ian a  A g r ic u l tu r a l  E xperim ent 
S ta t io n  a t  F ra n k lin to n  in v e s t ig a te d  th e  e f f e c t s  o f  v a ry in g  fo ra g e  to
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c o n c e n tr a te  r a t i o s  to  l a c t a t i n g  d a i r y  cows u s in g  Lucas sw itch b ack  
d e s ig n . In  t h i s  s tu d y ,  20 H o ls te in  cows were random ly a s s ig n e d  to  one 
o f  f iv e  co m p le te ly  p e l l e t e d  r a t io n s  o f  th e  fo llo w in g  c o a s ta l  Bermuda- 
g ra s s  to  c o n c e n tra te  r a t i o s :  (A) 100:0 ; (B) 75 :2 5 ; (C) 5 0 :5 0 ; (D)
2 5 :7 5 ; and (E) 0 :1 0 0 . Mean d a i ly  FCM (kg) and m ilk  f a t  (%) f o r  th e  
f i v e  r a t io n s  w ere: (A) 11 .6  and 3 .6 ;  (B) 13.7 and 2 .8 ;  (C) 1 4 .4  and
2 .6 ;  (D) 14 .5  and 2 .3 ;  and (E) 13 .4  and 1 .9 7 , r e s p e c t iv e ly .  I t  was 
found th a t  fe e d in g  a co m b in a tio n  o f  fo ra g e -c o n c e n tra te  p e l l e t  r e s u l te d  
in  a h ig h ly  s i g n i f i c a n t  (P < .0 1 ) in c re a s e  in  d ry  m a t te r  in ta k e  o v er 
th e  100% fo ra g e  p e l l e t .  There was a h ig h ly  s i g n i f i c a n t  (P < .0 1 ) l i n e a r  
d e c re a se  i n  th e  p e r  c e n t  m ilk  f a t  as th e  p e r  c e n t c o n c e n tr a te s  was 
in c re a s e d  in  th e  r a t i o n s .  L ik ew ise , a h ig h ly  s i g n i f i c a n t  (P <  .01) 
d e c re a se  in  FCM p ro d u c tio n  was shown by th e  an im als  consum ing th e  a l l  
fo ra g e  r a t i o n  as compared to  th o s e  fed  w ith  th e  o th e r  fo u r  r a t i o n s . 
R e su lts  o f  t h i s  s tu d y  su p p o rte d  th e  th e o ry  th a t  ru m in an ts  w i l l  a d ju s t  
v o lu n ta ry  food in ta k e  to  en erg y  needs i f  rumen lo a d  does n o t l im i t  
t h e i r  consum ption . I t  a l s o  d em o n stra ted  t h a t  c o a s ta l  Berm udagrass 
p e l l e t s ,  when fed  a lo n e  w i l l  n o t su p p o rt an a c c e p ta b le  l e v e l  o f  m ilk  
p ro d u c tio n .
F o s tg a te  e t  a l .  (25), a t  th e  G eorgia s t a t i o n  i n  1968, re p o r te d  on 
th e  e f f e c t  o f  ad l ib i tu m  and c o n t r o l le d  group fe e d in g  o f  l a c t a t i n g  
d a i r y  cow s. In  t h i s  i n v e s t i g a t io n ,  29 H o ls te in  cows w ere random ly 
a s s ig n e d  to  one o f  th e  fo u r  t re a tm e n t g roups: (A) ad l ib i tu m  c o m
s i l a g e ,  ad l ib i tu m  c o n c e n tr a te ;  (B) ad l ib i tu m  a l l - i n - o n e  r a t i o n  (60% 
c o n c e n t r a te ,  40% c o tto n se e d  h u l l s  and c o a s ta l  Berm udagrass p e l l e t s ) ;
(D) ad l ib i tu m  a l l - i n - o n e  r a t i o n  (70% c o n c e n tra te ,  30% c o tto n s e e d  h u l l s  
and c o a s t a l  Berm udagrass p e l l e t s ;  and (0) ad l ib i tu m  c o rn  s i l a g e  and
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11.34 kg c o n c e n tr a te .  R e su lts  showed t h a t  th e  v o lu n ta ry  feed  In ta k e s  
w ere : (A) 9 .1  kg s i l a g e ,  18.6 kg c o n c e n tr a te ;  (B) 25 .4  kg ; (C) 25 .4  kg;
and (D) 27 .2  kg s i l a g e ,  10 .9  kg c o n c e n tr a te .  A verage m ilk  y ie ld s  (kg) 
305-2X-ME, and m ilk  f a t  (%) w ere: (A) 7 ,062  and 3 .4 :  (B) 6 ,345  and 3 .6 ;
(C) 6 ,2 6 9  and 3 .7 7 , r e s p e c t iv e ly .  No s t a t i s t i c a l  a n a ly s is  o f  th e  d a ta  
was g iv e n .
Owen (70) o f  U n iv e rs i ty  o f  N ebraska i n  1969, compared th e  
e f f e c t s  o f  two com ple te  feed s  ( a l f a l f a  h a y la g e ,  m ilo  and m in e ra ls )  
c o n ta in in g  o n e - h a l f  (N) o r  tw o - th ird s  (H) g r a in  on a d ry  b a s i s ,  u s in g  
40 l a c t a t i n g  d a i r y  cows. These r a t io n s  w ere f u l l - f e d  d u rin g  th e  l a s t  
two to  th r e e  weeks p rep artu m  (FRE) and d u r in g  th e  f i r s t  12 weeks p o s t ­
partum  (POST) a c c o rd in g  to  a 2 x  2 f a c t o r i a l  p la n ,  file  r e s u l t i n g  fo u r  
tre a tm e n ts  w ere : (A) PRE N -  POST N; (B) PRE H -  POST N; (C) PRE N -
POST H; and (D) PRE H -  POST H. The r e s u l t s  o f  th e  s tu d y  w ere as 
f o l lo w s :
T rea tm en ts
Response A B C D
Ave. d a i ly  DM in ta k e  (kg) 14 .9 15 .2 16.9 15.8
Ave. d a i ly  FCM p ro d u c tio n  (kg) 22 .7 23 .8 22 .5 22 .4
M ilk  f a t  (%) 4 .0 9 4 .0 7 4 .1 5 3 .82
No s i g n i f i c a n t  e f f e c t s  o r  in t e r a c t io n s  due to  p rep artu m  and p o s t-p a rtu m  
fe e d in g  o f  th e  r a t io n s  w ere o b se rv ed .
At th e  U n iv e r s i ty  o f  K entucky, Enlow e t  <sl. (23) in  1971 s tu d ie d  
th e  e f f e c t s  o f  p r o te in  and en erg y  l e v e l s  d u r in g  e a r ly  l a c t a t i o n  on th e  
perfo rm ance  o f  d a i r y  cow s. The com ple te  r a t io n s  fed  c o n ta in e d  two
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le v e ls  o f  p r o te in  (10 and  147.) and two energy  c o n c e n tra tio n s  (h ig h ,
677. o f  th e  DM from g r a in  and 337. DM from s i l a g e  and low, 337. o f  th e  DM 
from g ra in  and 677. from  s i l a g e ) . The cows w ere In d iv id u a l ly  fed  fo r  a 
13-week p e r io d  In  a  c o n tin u o u s  t r i a l  u s in g  a 2 x  2 f a c t o r i a l  arrangem ent 
o f  t r e a tm e n ts . R e s u lts  showed t h a t  th e  cows on th e  h ig h  and low energy  
r a t io n s  consumed 2 6 .5  and 2 1 .8  Therms o f  ENE; 15 .0  and 13 .5  kg DM; and 
produced 17 .6  and 17 .2  kg o f  s o l id s - c o r r e c te d  m ilk  (SCM), r e s p e c t iv e ly .  
Feed In ta k e s  w ere found to  b e  s i g n i f i c a n t  a t  P <  .0 5 , b u t d i f f e r e n c e s  
in  m ilk  p ro d u c tio n  w ere n o t  s i g n i f i c a n t .
I n  1971, H arner and Spahr (33) o f  th e  U n iv e r s i ty  o f  I l l i n o i s  
de term ined  th e  e f f e c t s  o f  f r e e  c h o ic e  fe e d in g  o f  com ple te  r a t io n s  
c o n ta in in g  1 .8 6 , 1 .7 6 , and 1 .6 6  Therms ENE p e r  kg DM to  12 d a iry  cows 
(6 G uernseys, 5 H o ls te in ,  and 1 Brown S w iss ) . H ie d e s ig n  o f  th e  
experim en t was a 3 x 3 L a tin  S quare c o n s is t in g  o f  th r e e  p e r io d s  (each 
p e r io d  c o n s is te d  o f  one week a d ju s tm e n t p e r io d  and 2 -week ex p e rim en ta l 
p e r io d ) .  The fe e d in g  was on in d iv id u a l  b a s i s .  The r e s u l t s  showed ENE 
in ta k e s  o f  3 7 .8 , 3 2 .2 , and 26 .6  Therms; and FCM p ro d u c tio n s  o f  2 0 .6 , 
2 0 .1 , and 17 .8  kg f o r  h ig h ,  medium, and low en erg y  m ix tu re s ,  
r e s p e c t iv e ly .  No s t a t i s t i c a l  a n a ly s is  o f  th e  d a ta  was r e p o r te d .
However, th e  in c r e a s in g  t re n d  i n  ENE in ta k e s  and m ilk  p ro d u c tio n s  was 
e v id e n t as th e  en erg y  c o n c e n tr a t io n s  in  th e  r a t i o n  was in c re a s e d .
This rev iew  on en erg y  l e v e l s  in  com plete  feed s  in d ic a te s  th a t  
d a ta  a t  p r e s e n t  a r e  s t i l l  i n s u f f i c i e n t  f o r  e x a c t  recom m endation, 
p a r t i c u l a r l y  i n  r e l a t i o n  to  m ilk  p ro d u c tio n . In  g e n e r a l ,  feed in g  h ig h  
en erg y  r a t io n s  u s u a l ly  r e s u l t  in  in c re a s e d  m ilk  p ro d u c tio n .
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M ilk F a t D ep ress io n  on C om plete Feed S tu d ie s
The pesky problem  o f  m ilk  f a t  d e p re s s io n  has been r e p e a te d ly
ob serv ed  on some com ple te  fe e d  s tu d ie s  on l a c t a t i n g  d a i ry  cows (2 0 , 50,
53, 55 , 81, 9 1 ) . However, th e r e  i s  o n ly  a s c a n ty  knowledge on th e
e x a c t d ie t a r y  f a c to r s  t h a t  m ig h t be d i r e c t l y  a n d /o r  i n d i r e c t l y  in v o lv ed
in  th e  i n t r i c a t e  phenomenon o f  f a t  d e p re s s io n .
L i t t l e  (56) s tu d ie d  th e  e f f e c t  o f  v a ry in g  cru d e  f i b e r  le v e ls  in  
C o a s ta l Berm udagrass hay  co m p le te  r a t io n  on th e  perfo rm ance o f  l a c t a t i n g  
d a iry  cows. Three co m p le te  r a t io n s  c o n s is t in g  o f  chopped (2 .5 4  cm 
s c re e n )  c o a s ta l  Berm udagrass hay  and c o n c e n tr a te s ,  c o n ta in in g  f i b e r  
le v e ls  o f  13 .8  ( I ) ,  16 .8  ( I I ) ,  and 18.9% ( I I I ) ,  r e s p e c t iv e ly  w ere fed  
ad l ib i tu m  to  tw e lv e  H o ls te in  cow s. Mean p e rc e n ta g e s  o f  m ilk  f a t  w ere 
3 .4 ,  3 .6 ,  and 3 .6  f o r  R a tio n s  I ,  I I ,  and I I I ,  r e s p e c t iv e ly .  S ig n i f ic a n t  
d i f f e r e n c e s  (P < .05) e x i s t e d  betw een  I  v s .  I I  and I I I .
S tu d ie s  by V i l la v ic e n c io  e t  a l .  (91) showed m ilk  f a t  d e p re s s io n  
by fe ed in g  com plete  r a t io n s  c o n ta in in g  11.32 to  12.76% c ru d e  f i b e r .  
Lowest m ilk  f a t  p e rc e n ta g e  (2.76%) was o b serv ed  in  r a t io n  w ith  c o t to n ­
seed  h u l l s .  This m igh t have been  due to  th e  sm a ll p a r t i c l e  s i z e  o f 
th e  c o tto n se e d  h u l l  r a t i o n  t h a t  resem bled  th e  fe e d in g  o f  ground h a y . 
However, G u th rie  e t  a l .  (28) found no f a t  d e p re s s io n  by fe e d in g  com plete 
r a t io n s  c o n ta in in g  12 .0  to  1 4 .0  p e r  c e n t c ru d e  f i b e r .  In  a n o th e r  s tu d y , 
Drude e t  a l .  (20) fed  fo u r  co m p le te  r a t io n s  w ith  c ru d e  f i b e r  le v e ls  as 
fo llo w s : ( I )  1 2 .6 3 ; ( I I )  1 0 .6 6 ; ( I I I )  1 1 .7 8 ; and (IV) 1 4 .3 0 . Mean
m ilk  f a t  p e rc e n ta g e s  o b se rv ed  w ere : 3 .3 5 , 3 .4 6 , 2 .7 4 , and 2 .8 0 , f o r
R ations I ,  I I ,  I I I ,  and IV , r e s p e c t iv e ly .  S t a t i s t i c a l  a n a ly s is  showed 
th a t  th e  means fo r  R a tio n s  I  and I I  w ere h ig h e r  (P < .05) th an  th o se  
fo r  R ations I I I  and  IV . R a tio n s  I  and I I  had  c o rn  s i l a g e  as th e  m ajor
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so u rc e  o f  roughage , w h ile  R atio n s I I I  and IV had a l f a l f a  p e l l e t s  in  
a d d i t io n  to  e i t h e r  c i t r u s  p u lp  o r  c o tto n se e d  h u l l s .  The r e s u l t s  
in d ic a te d  th a t  m ilk  f a t  p e rc e n ta g e  was n o t caused  by c ru d e  f i b e r  a lo n e , 
b u t  p ro b a b ly  by o th e r  f a c to r s  l ik e  p h y s ic a l  form  o f  th e  roughage o r  
r a t i o n .
In  th e  i n v e s t ig a t io n  by McCoy e t  a l .  (61) th r e e  com ple te  r a t io n s  
w ere fed  ad l ib i tu m  to  l a c t a t i n g  d a iry  cows. Itie  r a t io n s  c o n s is te d  o f  
30% roughage and 70% c o n c e n tr a te s .  The th r e e  r a t io n s  and t h e i r  c ru d e  
f i b e r  le v e ls  w ere: ( I )  10.32%; ( I I )  11.09%; ( I I I )  13.78%. The r e s u l t s
showed mean d a i ly  m ilk  f a t  (%) o f  3 .8 0 , 3 .2 2 , and 3 .65  f o r  R a tio n s  I ,
I I ,  and I I I ,  r e s p e c t iv e ly .  The so u rc e s  o f  roughage used  w ere h a y , 
c o b s , and h u l l s  f o r  R a tio n s  I ,  I I ,  and I I I ,  r e s p e c t iv e ly .  T his 
f in d in g  c o n t r a d ic t s  t h a t  o f  V i l la v ic e n c io  (91) who r e p o r te d  m ilk  f a t  
d e p re s s io n  by fe e d in g  h u l l s  and h ay .
S tu d ie s  by Randel (76) showed no f a t  d e p re s s io n  by feed in g , 
com plete  r a t io n s  c o n ta in in g  20% b a g asse  to  l a c t a t i n g  d a i r y  cow s. The 
c ru d e  f i b e r  le v e l  f o r  th e  r a t io n  used  was 9 .4  p e r  c e n t  w hich i s  much 
low er th an  th e  recommended l e v e l .
A nother f a c to r  t h a t  has  been im p lic a te d  in  p e r  c e n t  m ilk  f a t  
d e p re s s io n  i s  th e  r e l a t i v e  p ro p o r tio n s  o f  th e  roughage and c o n c e n tra te  
on th e  com plete  r a t i o n s .  Based on r e s e a r c h  r e p o r t s ,  in c o r p o ra t io n  o f  
30% roughage in  a  com ple te  r a t io n  seems to  be th e  minimum le v e l  in  
m a in ta in in g  f a t  c o n te n t  i n  m ilk  (47 , 53 , 60 , 61 , 6 6 , 8 6 , 9 0 ) .
From th e s e  v a r io u s  s tu d i e s ,  one can  o n ly  h y p o th e s iz e  t h a t  
a lth o u g h  c ru d e  f ib e r  l e v e l  m ight be a c r i t i c a l  f a c t o r  in  m ilk  f a t  
d e p re s s io n ,  p h y s ic a l  form a n d /o r  so u rc e  and amount o f  roughage seem to  
be  an  e q u a l ly  im p o rta n t d e te rm in a n ts  in f lu e n c in g  m ilk  f a t  p e rc e n ta g e .
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W ell-d e s ig n ed  s tu d ie s  on th e  p o s s ib le  i n t e r r e l a t i o n s h i p s  o r  I n te r a c t io n s  
among th e s e  d i f f e r e n t  d i e t a r y  and o th e r  m e ta b o lic  f a c to r s  m ight h e lp  
le a d  to  th e  b a s ic  u n d e rs ta n d in g  o f  f a t  d e p re s s io n .
Some P o te n t i a l  H ea lth  Problem s on th e  Use o f  Com plete Feeds
S in ce  m ost o f  th e  e a r ly  s tu d ie s  on com ple te  feed s  w ere conducted  
in  a r e l a t i v e l y  s h o r t  p e r io d  o f  tim e , th e r e  has been  a grow ing f e a r  
among th e  "w o u ld -b e -a d o p to rs"  o f  com plete  fe e d in g  system  as to  th e  
i l l  e f f e c t s  t h a t  m igh t be t r ig g e r e d  by long  te rm  fe e d in g  o f  t h i s  r a t i o n .  
L iv e r  a b s c e s s e s ,  rumen p a r a k e r a to s i s ,  b l o a t ,  and j o i n t  s t i f f n e s s  have 
been  r e p o r te d  to  be a s s o c ia te d  w ith  th e  fe e d in g  o f  l i t t l e  o r  no roughage 
to  ru m in an ts  (5 , 15, 21 , 4 9 , 50 , 9 2 ) .
N e v e r th e le s s ,  r e s u l t s  re p o r te d  by V il la v ic e n c io  e t  a l .  (9 1 ),
H uff e t  a l .  (4 0 ) , and L a rk in  and F o s tg a te  (52) u s in g  com plete  r a t io n s  
showed no d e t r im e n ta l  e f f e c t s  on th e  g e n e ra l  h e a l th  o f  d a i r y  cow s.
Rakes (73) in  h i s  rev iew  o f  com plete  feed  s tu d ie s  f o r  d a i ry  
c a t t l e ,  s t r e s s e d  th a t  w h ile  c e r t a i n  cow h e a l th  and m ilk  f a t  d e p re s s io n  
problem s have been  e n co u n te re d  by some dairym en u s in g  com plete  f e e d s ,  
th e s e  d i f f i c u l t i e s  seemed to  have been r e l a t e d  more to  th e  p h y s ic a l  
form  and roughage le v e l  i n  th e  r a t i o n  r a th e r  th a n  w ith  th e  b le n d in g  o f 
th e  i n g r e d i e n t s .
G en era l Comments on th e  R e su lts  o f  Com plete Feed S tu d ie s  Reviewed 
A p p re c ia b le  number o f  r e p o r ts  on com plete  feed  s tu d ie s  w ith  
d a i r y  c a t t l e  e x i s t .  However, some o f  th e  in v e s t ig a to r s  f a i l e d  to  
m en tio n  some b a s ic  and r e le v a n t  f a c t s  such  as  s ta g e  o f  l a c t a t i o n  and 
p ro d u c in g  c a p a c i ty  o f  th e  an im als  u se d , and th e  p ro x im ate  a n a ly se s  o f
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th e  r a t io n s  f e d .  These have proved  to  be  th e  s tu m b lin g  b lo ck s  in  
o b ta in in g  a r e a l i s t i c  e v a lu a t io n  o f  th e  r e s e a r c h  r e s u l t s .
I n  a d d i t io n ,  m ore in fo rm a tio n  i s  needed on: (a) long  term
e f f e c t s  o f  fe e d in g  com ple te  r a t io n s  to  d a i r y  cows, (b) d e f i n i t e  
r e l a t io n s h ip  betw een m ilk  f a t  d e p re s s io n  and v a r io u s  d ie ta r y  f a c to r s  
o f  th e  b len d ed  r a t io n s  f e d ,  (c )  n u t r i e n t  req u irem en ts  a t  v a r io u s  s ta g e s  
o f  l a c t a t i o n  o f  d a i r y  cows u s in g  com plete  r a t i o n s ,  (d) com ple te  feed  
s tu d ie s  on d ry  cow s, h e i f e r s  a n d /o r  b u l l s ,  and l a s t ,  b u t  n o t th e  l e a s t ,  
(e) a com prehensive  econom ic s tu d y  o f  t h i s  fe e d in g  system .
Use o f  com ple te  r a t i o n  f o r  d a i r y  cows w i l l  d e f i n i t e l y  p la y  a 
v e ry  im p o rta n t r o l e ,  e s p e c ia l ly  i n  la r g e  d a i r y  h e rd s  w here m echan iza­
t io n  and au to m a tio n  become m ore f e a s i b l e .  I t  i s  hoped t h a t  as  more 
d a ta  a c c ru e  from b o th  r e s e a rc h  and com m ercial farm  p r a c t i c e ,  a more 
d e f i n i t i v e  recom m endation on com ple te  r a t io n s  f o r  d a iry  cows w i l l  
e v e n tu a l ly  be fram ed o u t .
G rain  Sorghum S ila g e  as Source o f  Roughage
One o f  th e  m a jo r problem s a s s o c ia te d  w ith  th e  u se  o f  com plete  
feed s  has  been  th e  p rocu rem en t o f  dependab le  and econom ical so u rc e s  o f  
roughage . H a r r is  (34) su g g e s te d  th a t  t h i s  d i f f i c u l t y  has  been  p a r t i a l l y  
r e s p o n s ib le  fo r  th e  in c r e a s e  i n  feed  c o s t  ex p e rie n c ed  by dairym en a f t e r  
a d o p tin g  t h i s  fe e d in g  sy stem . D if f e r e n t  so u rc e s  o f  roughages such  as 
c o tto n se e d  h u l l s ,  h a y , b a g a s s e , p in e a p p le  hay  and b ran  have been  found 
s a t i s f a c t o r y  f o r  b le n d in g  i n  co m p le te  r a t io n s  f o r  d a i ry  cows. L o u is ian a  
S ta te  U n iv e r s i ty  w orkers  (20 , 28 , 91) have a l s o  used  a l f a l f a  p e l l e t s ,  
c i t r u s  p u lp ,  co rn  s i l a g e ,  a l f a l f a  h a y , and c o a s ta l  Berm udagrass p e l l e t s  
as so u rc e s  o f  roughage i n  t h e i r  com plete  fe e d  s tu d i e s .
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F eed ing  t r i a l s  u s in g  sorghum s i l a g e  in  a c o n v e n tio n a l r a t i o n  fo r  
l a c t a t i n g  d a i r y  cows have been  re p o r te d  by a few in v e s t ig a to r s  (13 , 14, 
51 , 71 , 7 4 ) . However, th e  q u a l i t y  o r  m ilk -p ro d u c in g  p o t e n t i a l  o f  
sorghum s i la g e s  i s  a m a tte r  o f  c o n tro v e rsy  b o th  w ith  dairym en and 
r e s e a r c h  w o rk e rs . A p o r t io n  o f  th e  problem  seems to  be th e  need fo r  
p ro p e r ly  d e f in in g  o r  c h a r a c te r iz in g  th e  sorghum in  q u e s tio n  (14) .
A v a ila b le  in fo rm a tio n  on th e  use  o f  sorghum s i l a g e  as  th e  
roughage component o f  a com ple te  r a t io n  i s  s t i l l  s c a n ty .  R o ll in s  e t  a l .  
(80) in  t h e i r  in v e s t i g a t io n ,  a s s ig n e d  l a c t a t i n g  d a i r y  cows to  fo u r  
com ple te  feed s  u s in g  s i l a g e s  as roughage p a r t  as fo llo w s : (A) sorghum -
su d an ; (B) c o rn ; (C) g ra in -so rg h u m ; and (D) in te rm e d ia te  g r a in  sorghum 
s i l a g e s .  C o n c e n tra te  m ix tu re  and c o tto n se e d  m eal as needed w ere 
b len d ed  f o r  r a t io n s  to  be s im i la r  in  c ru d e  f i b e r  (17.5%) and c ru d e  
p r o te in  (14.5%) on d ry  m a tte r  b a s i s .  The s tu d y  was co n d u cted  f o r  two 
s u c c e s s iv e  y e a r s .  Mean d a i ly  FCM (kg) fo r  f i r s t  and second  y e a r s ,  
r e s p e c t iv e ly ,  f o r  th e  fo u r  tre a tm e n ts  w ere: (A) 2 0 .4  and 2 0 .6 ; (B)
18 .5  and 1 7 .9 ; (C) 16 .4  and 1 9 .7 ; and (D) 1 9 .4  and 1 8 .7 . S t a t i s t i c a l  
a n a ly se s  o f  th e  d a ta  showed t h a t  in  th e  f i r s t  y e a r ,  m ilk  y ie ld  o f  A 
was g r e a te r  (P < .0 5 ) th a n  B and g r e a t e r  (P <  .01) th a n  C; t h a t  f o r  C 
was low er (P < .05 ) th a n  B and D. In  th e  second y e a r  m ilk  y i e l d  o f  A 
was g r e a te r  (P < .0 5 ) th an  B and D*. w h ile  t h a t  o f  C g r e a t e r  (P < .05) 
th a n  B.
Morgan e t  a l .  (63) found no s ig n i f i c a n t  d i f f e r e n c e  in  FCM 
p ro d u c tio n , betw een cows fed  an  a l l - i n - o n e  r a t i o n  (1 6 .2  kg FCM) u s in g  
an e n s i le d  in te rm e d ia te  h y b r id  sorghum p lu s  c o n c e n tr a te  and th o s e  cows 
fed  p a s tu r e  p lu s  g r a in  s e p a r a te ly  (1 7 .0  kg FCM). The s ta g e  o f  l a c t a ­
t i o n  o f  th e  cows used  in  t h i s  s tu d y  ranged from  104 to  204 d a y s .
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Only l im i te d  s tu d ie s  have been re p o r te d  u s in g  sorghum s i l a g e  as 
so u rc e  o f  roughage f o r  com ple te  f e e d s . Sorghum m ight be a  r e l i a b l e  
fo ra g e  c ro p  f o r  s i l a g e  e s p e c ia l ly  In  a re a s  w here th e r e  I s  a l im ite d  
o r  v a r i a b le  r a i n f a l l  a n d /o r  in  a re a s  w here co rn  can n o t s u c c e s s f u l ly  be 
grow n.
Energy and I t s  Role i n  M ilk  P ro d u c tio n
I n  1959 F l a t t  (24) s t a t e d  t h a t ,  "A l im i te d  energy  su p p ly  more 
f r e q u e n t ly  r e t a r d s  th e  grow th o f  d a i r y  c a t t l e  and low ers m ilk  p ro d u c tio n  
th a n  does a d e f ic ie n c y  o f  any o th e r  n u t r i e n t . "  B la x te r  (1 0 ) a ls o  
p o in te d  o u t  t h a t  s h o r ta g e s  o f  d i e t a r y  energy  a r e  u s u a l ly  f a r  more 
im p o rta n t c au ses  o f  low p r o d u c t iv i ty  in  farm  l iv e s to c k  th a n  a re  
d e f i c i e n c ie s  o f  v i ta m in s ,  m in e ra ls ,  o r  amino a c id s .  Hence, a prim e 
c o n s id e ra t io n  i n  th e  fe e d in g  o f  th e  in d iv id u a l  an im al m ust be th e  
s u f f i c i e n c y  o f  an en erg y  su p p ly .
This c a r d in a l  r o le  o f  en erg y  in  d a i ry  n u t r i t i o n  has le d  to  
numerous in v e s t ig a t io n s  (12, 17, 38, 39 , 4 2 , 67 , 6 9 ) . R e s u lts  i n d ic a te  
t h a t  fe e d in g  h ig h  le v e ls  o f  c o n c e n tra te  to  d a i r y  c a t t l e  s t im u la te  
g r e a te r  m ilk  p ro d u c t io n . This in c re a s e d  m ilk  p ro d u c tio n  i s  p r im a r i ly  
due to  a  g r e a t e r  en e rg y  in ta k e ,  enhancing  th e  in h e re n t  a b i l i t y  o f  th e  
cow to  p roduce  m ilk  (1 2 , 7 8 ) .  As a consequence, th e  adequacy o f  th e  
fe e d in g  s ta n d a rd s  p u t o u t  by M orrison  (64) and N a tio n a l R esearch  
C o u n c il (6 8 ) w ere q u e s tio n e d , w hich e v e n tu a l ly  le d  to  th e  r e v i s io n  o f  
th e  NRC's recommended n u t r i e n t  a llo w an ces f o r  m ilk  p ro d u c tio n . Hie 
m ajo r changes in  th e  r e v is e d  NRC s ta n d a rd s  (1966) w ere th e  in c re a s e d  
a llo w an ces  o f  t o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN), d ig e n t ib le  en erg y  (DE), 
and m e ta b o liz a b le  en erg y  (ME) f o r  m ilk  p ro d u c tio n  o f  cows p ro d u c in g  
m ore th a n  20  kg o f  m ilk  d a i l y .
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However, b ecau se  o f  th e  g r e a t  v a r i e ty  o f  roughages b e in g  u se d , 
th e  w ide ran g e  o f  fo ra g e  to  c o n c e n tr a te  r a t i o s  b e in g  fed  to  cows, and 
th e  la c k - o f  one un ifo rm  s ta n d a rd  o f  energy  system  in  e v a lu a t in g  th e  
en e rg y  v a lu e ,  no d e f i n i t e  answ er has y e t  been  t r u l y  d e r iv e d  as to  th e  
e x a c t q u a n t i t a t i v e  en erg y  req u ire m e n t f o r  optimum m ilk  p ro d u c tio n  o f  
h ig h  p ro d u c in g  cows. More d a ta  th ro u g h  co n tin u o u s  r e s e a rc h  in  t h i s  
f i e l d  i s  deemed a n e c e s s i ty .
Methods o f  E x p re ss in g  Energy Value o f  Feeds
Energy c o n te n t  i s  one o f  th e  m ost e x te n s iv e ly  used  c r i t e r i a  in  
a s s e s s in g  th e  n u t r i t i v e  v a lu e  o f  a g iv en  f e e d s tu f f .  The m ost common 
m easures o f  en e rg y  v a lu e  a r e :  (a) TDN, (b) DE, (c) ME, and (d) n e t
en erg y  (NE). A l l  th e s e  m easures o f  fe e d  en e rg y , ex cep t TDN, a re  
e x p re sse d  in  k i l o c a l o r i e s ,  o r  m e g a c a lo r ie s  o r  Therms. F a c to rs  fo r  
in te r c o n v e r t in g  one m easure o f  energy  to  a n o th e r  a r e  g iv e n  in  th e  NRC 
fe e d in g  s ta n d a rd s  (6 8 ) .
O th er system s o f  m easu rin g  en erg y  v a lu e  o f  fe e d  in c lu d e  th e  
e s tim a te d  n e t  en erg y  (ENE) (M orrison , U .S .) ,  K e l ln e r 's  S ta rc h  E q u iv a le n t 
(Germ any), M od ified  S ta rc h  E q u iv a le n t (U nited  Kingdom) and Fodder U n it 
System  (S c a n d in a v ia , F ra n c e , and I s r a e l )  (1 0 ) .
T here has been  a  g r e a t  d e a l  o f  d is c u s s io n  as to  which system  o f  
feed  e v a lu a t io n  sh o u ld  be  u se d . There i s  how ever, a grow ing i n t e r e s t  
o f  a d o p tin g  th e  e s tim a te d  n e t  en erg y  (ENE) sy stem .
ENE -  I t s  A doption  and R e la t io n s h ip  to  TEN:
S in ce  M o rriso n  (64) re p o r te d  a method o f  e s t im a t in g  n e t  energy  
v a lu e s  o f  fe e d s  from fe e d in g  t r i a l s  u s in g  c o rn  as  a b a s e , th e r e  has been
23
a grow ing i n t e r e s t  o f  a d o p tin g  ENE system  in  p r e d ic t in g  energy  v a lu e  o f  
feed s  and e x p re s s in g  en erg y  req u ire m e n ts  o f  d a i r y  a n im a ls .
S tu d ie s  conducted  com paring ENE and TDN system s and t h e i r  
c o r r e l a t i o n  w ith  m ilk  p ro d u c tio n  h av e  been  re p o r te d  (19, 4 4 , 57 , 5 9 ) .
As a r e s u l t ,  p ro p o sa ls  o f  c o n v e r t in g  TDN in to  ENE have been proposed by 
Kane (48) and Moore e t  a l .  (6 2 ) . C o n seq u en tly , a g e n e ra l r e g re s s io n  
e q u a tio n  was developed  by r e g r e s s in g  ENE on TDN. This e q u a tio n  was 
Y = -3 1 .4 8  +  1.346X; w here Y = ENE and X = TDN. These r e s e a r c h e r s  
concluded  th a t  r e g re s s io n  o f  ENE on TEN o f fe r e d  a means o f  approxim a­
t io n  t h a t  m ight s e rv e  as a g u id e  to  e s ta b l i s h in g  m ore a c c u ra te  
p ro d u c tiv e  v a lu e s .
E f f ic ie n c y  o f  Energy U t i l i z a t i o n
In c re a s in g  th e  l e v e l  and e f f i c i e n c y  o f  m ilk  p ro d u c tio n  i s  a 
p rim ary  o b je c t iv e  o f  p ro g re s s iv e  d a i r y  fa rm e rs . G ross e f f i c i e n c y  i s  
u s u a l ly  m easured as an in p u t-o u tp u t  r e l a t io n s h ip  betw een feed s  consumed 
and m ilk  p roduced . S e v e ra l system s o f  fe e d  e v a lu a t io n  f o r  rum inan ts  
a r e  used  by d a i r y  s c i e n t i s t s  in  s tu d y in g  in p u t-o u tp u t  r e l a t io n s h i p .
These sy s tem s , how ever, a r e  n o t i n  c lo s e  ag reem en t. At th e  p re s e n t  
tim e , th e r e f o r e ,  a c o m p le te ly  s a t i s f a c t o r y  l e a s t  common denom inator 
f o r  e v a lu a t in g  d i f f e r e n t  feed s  f o r  t h e i r  en erg y  v a lu e s  seems to  be 
n o n - e x is te n t .
The m ost common m easure i n  e v a lu a t in g  energy  v a lu e  o f  feed s  fo r  
d a i r y  c a t t l e  i s  th e  TDN sy stem . I n  f a c t ,  m ost o f  th e  l i t e r a t u r e  
r e p o r te d  on g ro ss  e f f i c i e n c y  o f  en e rg y  u t i l i z a t i o n  o f  l a c t a t i n g  d a iry  
cows i s  ex p re sse d  as u n i t  TDN consumed p e r  u n i t  FCM produced . However, 
b ecau se  o f  th e  growing e n th u sia sm  i n  a d o p tin g  th e  ENE system  o f
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e x p re s s in g  t h e  energy  re q u ire m en ts  o f  d a i r y  cow s, o n ly  th e  l i t e r a t u r e  
on th i s  system  w i l l  b e  rev iew ed  in  t h i s  p a p e r .
M o rr iso n 's  (64) and N a tio n a l R esearch  C o u n c il 's  (6 8 ) fe e d in g  
s ta n d a rd s  a r e  th e  m ost commonly used  fe e d in g  s ta n d a rd s  in  N orth  A m erica. 
The b a s is  fo  th e s e  two fe e d in g  s ta n d a rd s  was p r im a r i ly  th e  d a ta  
o b ta in e d  by H aecker (29 , 30 , 31 , 32) from  1901 to  1914. M orrison  
recommended a llo w an ces  o f  0 .66  Therm/kg FCM in  a d d i t io n  to  t h e i r  
a llo w an ces  f o r  m a in ten an ce , grow th and p reg n an cy . N a tio n a l R esearch  
C ouncil has  n o t adop ted  y e t  th e  use  o f  ENE system  o f  e x p re s s in g  energy  
re q u ire m e n ts .
I n  th e  s tu d y  conducted  by R usoff e t  a l .  (84) u s in g  th e  1,014 
herdm onth o b s e rv a tio n s  o f  L o u is ian a  l a c t a t i n g  d a i r y  cows g a th e re d  from 
Ja n u a ry , 1962 to  M arch, 1964, i t  was r e p o r te d  1 .37 Therm ENE as th e  
req u irem en t f o r  m ain tenance  and m ilk  p ro d u c tio n  o f  th e  av erag e  cow i n  
t h i s  s tu d y . The av e ra g e  w e ig h t o f  th e  cows was 4 7 7 .3  kg w ith  an 
av e rag e  m ilk  p ro d u c tio n  o f  12 .5  kg FCM p e r  d ay . In  th e  s tu d y  by 
J a r r e t t  and F o s tg a te  (4 6 ) , a v a lu e  o f  1 .0  Therm/kg FCM was re p o r te d  as 
th e  req u irem en t f o r  m ain ten an ce  and m ilk  p ro d u c tio n . The av e ra g e  m ilk  
p ro d u c tio n  in  t h i s  s tu d y  was 9 ,125  kg FCM p e r  cow p e r  y e a r ,  w ith  an 
av e rag e  a d ju s te d  body w e ig h t o f  500 k g .
The in v e s t i g a t io n  o f  Cameron and F o s tg a te  (16) on th e  co m p ara tiv e  
e f f i c i e n c i e s  o f  th re e  system s o f  fe e d in g  a l l - i n - o n e  r a t io n s  showed an 
av e rag e  e f f ic ie n c y  o f  1 .0  Therm/kg o f  3.5% FCM. The cows used  i n  t h i s  
s tu d y  v a r ie d  in  t h e i r  s ta g e s  o f  l a c t a t i o n  and had  an  av e rag e  m ilk  
p ro d u c tio n  o f  23 .0  kg o f  3.5% f a t - c o r r e c t e d  m ilk .
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In  th e  com ple te  fe e d  s tu d ie s  by H am er and Spahr (3 3 ), u s in g  
d a i r y  cows in  t h e i r  74 to  194 days p o s tp a r tu m , th e y  r e p o r te d  e f f i c ie n c ie s  
ra n g in g  from  1.49  to  1 .83  Therms p e r  kg 4% FCM p ro d u ced .
I t  i s  e v id e n t  from t h i s  rev iew  on e f f i c i e n c y  o f  en erg y  u t i l i z a ­
t i o n  th a t  a  w ide d is c re p a n c y  e x i s t s  on th e  en e rg y  re q u irem e n t p e r  u n i t  
o f  FCM p ro d u ced . U sing e i t h e r  c o n v e n tio n a l o r  com ple te  r a t i o n s ,  i t  
seems lo g i c a l  to  deduce t h a t  many f a c to r s  a r e  in v o lv e d  i n  d e te rm in in g  
e f f i c i e n c y  o f  en erg y  u t i l i z a t i o n ,  H uston (43) c i t e d  some o f  th e s e  
f a c to r s  as fo llo w s : (a) le v e l  and so u rc e  o f  en erg y  i n  th e  r a t i o n ,  (b)
s ta g e  o f  l a c t a t i o n  o r  days in  m ilk ,  and (c )  e n v iro n m e n ta l te m p e ra tu re .
Rumen V o la t i l e  F a t ty  A cids (VFAs) i n  R e la t io n  to  M ilk  C o n s t i tu e n ts
I t  i s  w e ll  e s ta b l i s h e d  t h a t  m ic ro b ia l  fe rm e n ta t io n  o f  th e  
in g e s te d  food w ith in  th e  rumen p ro d u ces c o n s id e ra b le  amounts o f  VFAs.
An a s s o c ia t io n  betw een th e  p ro p o r tio n s  o f  th e  VFAs i n  th e  rumen and 
some m ilk  c o n s t i tu e n ts  h a s  been  w e ll  docum ented. B la x te r  (1 1 ) p o in te d  
o u t t h a t  th e  r e l a t i v e  p ro p o r tio n s  o f  th e  VFAs in  th e  rumen l iq u o r  v a ry  
a c c o rd in g  to  th e  n a tu re  and ty p e  o f  th e  d i e t ,  h e n c e , th e  cow 's d i e t  
a f f e c t s  th e  co m p o sitio n  o f  th e  m ilk .
Roughage r e s t r i c t i o n  in  th e  r a t io n s  o f  l a c t a t i n g  cows had  been  
found by numerous in v e s t ig a to r s  (7 , 4 2 , 55 , 69 , 8 1 , 89) to  cau se  f a t  
d e p re s s io n  in  th e  m ilk .  G rin d in g  and p e l l e t i n g  o f  roughage had a ls o  
b een  shown to  cau se  a r e d u c tio n  in  th e  f a t  c o n te n t  o f  th e  m ilk  (7 , 8 1 ) . 
A lso , in tr a ru m in a l  in fu s io n  o f  p ro p io n ic  a c id  had  been  shown to  d e c re a se  
th e  f a t  c o n te n t  o f  m ilk  w hereas b u ty r i c  a c id  and a c e t i c  a c id  had  a 
r e v e r s e  e f f e c t  (82 , 8 3 ) .
B ishop e t  a l .  (7) r e p o r te d  a h ig h ly  s ig n i f i c a n t  in c r e a s e  i n  th e  
p r o te in  c o n te n t o f  m ilk  o f  cows fed  w ith  a h ig h  c o n c e n t r a te ,  low 
roughage r a t i o n .  I n tr a ru m in a l  in fu s io n s  o f  d i l u t e  p ro p io n ic  a c id  has 
been  shown to  c au se  an in c r e a s e  in  th e  p r o te in  c o n te n t  o f  th e  m ilk , 
s u g g e s tin g  a r e l a t io n s h i p  betw een p ro p io n a te  and p r o te in  c o n te n t o f  
th e  m ilk  (8 3 ) .
I t  can  be  r e c a p i tu la t e d  th e n  th a t  an  a s s o c i a t i o n  betw een th e  
p ro p o r t io n s  o f  th e  VFAs i n  th e  rumen l iq u o r  and th e  b u t t e r f a t  and SNF 
p e rc e n ta g e s  o f  th e  m ilk  o f  th e  d a i ry  cow i s  amply co n firm e d .
STATEMENT OF THE PROBLEM
The a d o p tio n  o f  th e  com plete r a t i o n  system  I s  one o f  th e  re c e n t  
advancem ents in  d a i r y  c a t t l e  fe e d in g  and management in  s e v e r a l  d a i r y  
h e rd s  o f  L o u is ia n a . R esearch t r i a l s  on th i s  new f i e l d  o f  i n t e r e s t  a re  
needed to  b ase  recom m endations fo r  th e  n u t r i e n t  co m p o sitio n  in  com plete 
f e e d s ,  e s p e c ia l ly  th e  energy  l e v e l .  Much co n cern  i s  g iv e n  to  th e  
en erg y  le v e l  o f  com plete  r a t io n s  b ecau se  l im i te d  en erg y  su p p ly  more 
f r e q u e n t ly  low ers m ilk  p ro d u c tio n  th a n  does a d e f ic ie n c y  o f  any o th e r  
n u t r i e n t .
D airy  e x te n s io n  s p e c i a l i s t s  a t  L o u is ian a  S ta te  U n iv e rs i ty  a r e  
c u r r e n t ly  recommending to  L o u is ian a  d a iry  fa rm ers  a com plete  r a t i o n  
c o n ta in in g  th e  fo llo w in g  a n a ly se s  on a  d ry  m a t te r  b a s i s :  65 Therms
e s tim a te d  n e t  en erg y  (ENE) p e r  45 .4 5  kg d ry  m a t te r ,  12 .5  to  14 .0  p e r  
c e n t  c ru d e  p r o te in ,  17 .0  to  2 0 .0  p e r  c e n t c ru d e  f i b e r ,  p lu s  v ita m in  A 
and s a l t  supplem ents (1 ) . W hether o r  n o t th e  recom m endation i s  adequate  
to  in s u re  maximum and e f f i c i e n t  m ilk  p ro d u c tio n  needs to  be s tu d ie d .  
T h e re fo re  an i n v e s t ig a t io n  was conducted  w ith  th e  fo llo w in g  o b je c t iv e s :  
(a ) to  d e te rm in e  th e  co m p ara tiv e  e f f e c t s  o f  v a ry in g  energy  le v e ls  (60, 
65 , and 70 Therms ENE p er 45 .45  kg d ry  m a tte r )  o f  com plete  feed s  
c o n ta in in g  g r a in  sorghum s i l a g e  as th e  so u rc e  o f  roughage on m ilk  
c o m p o s itio n , m ilk  p ro d u c tio n , rumen v o l a t i l e  f a t t y  a c id  p ro d u c tio n , and 
e f f i c i e n c y  o f  en erg y  u t i l i z a t i o n ;  (b) to  d e te rm in e  p ro b a b le  s t a t i s t i c a l  
c o r r e l a t i o n s  betw een c e r t a i n  m ilk  c o n s t i tu e n ts  and r e l a t i v e  p ro p o rtio n s  
o f  v o l a t i l e  f a t t y  a c id s ;  and (c ) to  e v a lu a te  th e  n e t  r e tu r n s  above feed  
c o s ts  o f  th e  th r e e  r a t io n s  s tu d ie d .
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EXPERIMENTAL PROCEDURE
R atio n s  Used
Three com plete  r a t io n s  w ith  v a ry in g  p ro p o r tio n s  o f  g r a in  sorghum 
s i l a g e  and c o n c e n tr a te  w ere fo rm u la te d  to  c o n ta in  ap p ro x im a te ly  60 , 65 , 
and 70 Therms e s tim a te d  n e t  en erg y  (ENE) p e r  4 5 .4 5  kg (100 lb )  d ry  
m a t te r .  An a tte m p t was made to  fo rm u la te  th e s e  th r e e  r a t io n s  to  be 
i s o n i t ro g e n e o u s . The r e l a t i v e  amounts and in g re d ie n ts  o f  th e  th r e e  
e x p e r im e n ta l r a t io n s  a r e  shown in  T able 1.
Animals Used
Twelve h ig h -p ro d u c in g  l a c t a t i n g  H o ls te in  cows th a t  had made a t  
l e a s t  one p re v io u s  l a c t a t i o n  re c o rd  and h av in g  been  in  p ro d u c tio n  f o r  
a t  l e a s t  40 days w ere s e le c te d  from th e  L o u is ian a  S ta te  U n iv e rs i ty  
d a i r y  h e rd . The cows w ere b lo ck ed  in to  groups o f  th r e e ,  a cc o rd in g  to  
s ta g e  o f  l a c t a t i o n  and p r e d ic te d  305-2x-ME p ro d u c tio n . Three cows in  
each  b lo c k  w ere th en  random ly a s s ig n e d  to  th e  th r e e  ex p e rim e n ta l 
r a t io n s  in  a  s e r i e s  o f  4 (3  x  3) L a tin  Square D esign . The g e n e ra l 
la y o u t o f  t h i s  e x p e r im e n ta l d e s ig n  i s  p re se n te d  in  T able  2 .
P lace  and D u ra tio n  o f  th e  E xperim ent
This s tu d y  was co n d u cted  from  November, 1970 to  J a n u a ry , 1971 
in  th e  R iverview  Barn lo c a te d  a t  th e  L o u is ian a  S ta te  U n iv e rs i ty  D airy  
Farm. The ex p erim en t c o n s is te d  o f  th r e e  p e r io d s  o f  tw en ty -one days 
e ac h , w ith  th e  f i r s t  sev en  days c o n s id e re d  as  p re l im in a ry  p e r io d  and 
th e  l a s t  f o u r te e n  days as  th e  e x p e r im e n ta l p e r io d  f o r  c o l l e c t io n  o f  
th e  d a ta .
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TABLE 1
Amounts and I n g re d ie n ts  o f  th e  E x p e rim en ta l R ations
In g re d ie n ts A
R a tio n s 3
B c
G rain  sorghum s i l a g e 7 1 .0
.......... % DM............. .
57 .5 4 3 .8
C o n ce n tra te *5 2 9 .0 4 2 .5 56 .2
T o ta l 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
k Ground y e llo w  co rn 29 .7 52 .8 63 .5
Soybean o i l  m eal 67 .3 4 4 .2 33.5
Steamed bone m eal 2 . 0 2 . 0 2 . 0
S a lt 1 . 0 1 . 0 1 . 0
V itam in  A (200,000 I .  U .) - - -
T o ta l 1 0 0 . 0 1 0 0 . 0 1 0 0 . 0
a A -  60 Therms; B -  65 Therm s; C -  70 T herm s/45.45  kg o r  100 lb  DM.
TABLE 2
E xperim en ta l D esign
Squares
I I I I I I IV
Animal No. : 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
* Energy L e v e ls :
(A) -  60 T herm s/45.45 kg DM
(B) -  65 Therm s/45.45 kg DM
(C) -  70 ttie rm s/4 5 .4 5  kg DM
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Feeding  and Management o f  th e  Animals
F e ed in g ; A ll  th e  an im als  w ere o f fe r e d  th e  com plete feed s  nd 
l ib i tu m  In  t h e i r  I n d iv id u a l  fe e d in g  tro u g h s  tw ice  d a l ly  a f t e r  each  
m ilk in g . The co m p le te  r a t io n s  w ere b lended  p r io r  to  each fe e d in g .
Based on amounts a c tu a l ly  consumed d u rin g  th e  seven-day  p re l im in a ry  
p e r io d , feed  was o f f e r e d  d a i l y  ad l ib i tu m  d u rin g  th e  ex p e rim e n ta l 
p e r io d .  T his amount in c lu d e d  a llow ance  f o r  10 to  15 p e r  c e n t  fe e d  
r e f u s a l .  A p la in  s a l t  b lo c k  and w a te r  w ere p ro v id ed  a t  a l l  tim es to  
a llo w  f r e e  c h o ic e  consum ption .
Management: The cows w ere k e p t in  in d iv id u a l  pens p ro v id ed
w ith  fe e d in g  tro u g h s  and w a te r  c u p s . Each cow was r e s t r a in e d  in  i t s  
pen ex c ep t d u r in g  m ilk in g  tim e (7 :00  A.M. and 7 :00  P .M .). A ll  th e  
an im als  w ere a llo w ed  to  lo a f  in  an  a re a  a d ja c e n t  to  th e  fe e d in g  s t a l l s  
f o r  an hour p r io r  to  each  m ilk in g . This gave th e  e x p e rim e n ta l an im als  
e x e r c is e  and a t  th e  same tim e  v a c a te d  th e  s t a l l s  f o r  th e  r e g u la r  
c le a n in g  o f  th e  fe e d in g  t ro u g h s . Sand was used  as a bedding  m a te r ia l  
and was t id ie d - u p  ev ery  m orn ing .
A ll th e  an im als  w ere c lo s e ly  o b serv ed  f o r  e s t r u s  and  any abnorm al 
b e h a v io r  shown th ro u g h o u t th e  d u ra t io n  o f  th e  ex p e rim en t. The cows 
w ere w eighed f o r  two c o n s e c u tiv e  days b e fo re  and a f t e r  each  2 1 -d ay  
p e r io d .
C o l le c t io n  o f  th e  D ata
Feed I n ta k e ; I n d iv id u a l  d a i ly  feed  o f fe re d  and th e  amounts 
re fu s e d  w ere w eighed f o r  each  cow. A liq u o t sam ples o f  feed  o f f e r e d  
w ere tak en  d a i ly  and combined f o r  each p e r io d  f o r  d ry  m a tte r  d e t e r ­
m in a tio n  and o th e r  p ro x im ate  a n a ly s e s .  Dry m a t te r  d e te rm in a tio n  o f  th e
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sorghum s i l a g e  was done e v e ry  o th e r  day to  check f o r  f lu c tu a t io n s  in  
m o is tu re  c o n te n t .  T his a f fo rd e d  an a c c u ra te  e s t im a t io n  o f th e  amount 
o f  th e  s i l a g e  to  be  b len d ed  w ith  th e  c o n c e n t r a te .
E s tim a te d  n e t  en e rg y , t o t a l  d ig e s t i b l e  n u t r i e n t s ,  and p r o te in  
in ta k e s  w ere com puted f o r  each  cow.
M ilk P ro d u c tio n  and S am pling: M ilk p ro d u c tio n  d a ta  fo r  each  cow
w ere re c o rd e d  d a i l y .  Sam pling o f  m orning and a f te rn o o n  m ilk  was done 
a t  w eekly  i n t e r v a l s  d u r in g  each  e x p e r im e n ta l p e r io d .  F i f t y  ml from 
each o f  th e  m orning  and a f te rn o o n  m ilk  sam ples w ere mixed th o ro u g h ly  
b e fo re  c o n d u c tin g  t e s t s  f o r  f a t  and o th e r  m ilk  c o n s t i tu e n t s .
A c tu a l m ilk  p ro d u c tio n  d a ta  w ere a d ju s te d  to  4% f a t - c o r r e c te d  
m ilk  (FCM) and s o l id s - c o r r e c t e d  m ilk  (SCM) fo llo w in g  th e  form ulas 
p roposed  by G aines (26) and T y r e l l  and Reid (8 8 ) ,  r e s p e c t iv e ly .
C o l le c t io n  and P re p a ra t io n  o f  th e  Rumen F lu id : Rumen sam ples
w ere c o l l e c te d  from  each  an im al a t  th e  end o f  each e x p e rim en ta l p e r io d  
v ia  a stom ach tu b e  co n n ec ted  to  a  vacuum pump. These sam ples w ere 
c o l l e c te d  f iv e  h o u rs  a f t e r  th e  m orning fe e d in g  and w ere im m ediate ly  
s t r a in e d  th ro u g h  fo u r  la y e r s  o f  ch ee se  c l o t h .  The s t r a in e d  rumen 
l iq u o r  was th e n  r e f i l t e r e d  th ro u g h  a Whatman No. 40 f i l t e r  p a p e r . To 
each 5 ml o f  th e  f i l t e r e d  rumen l iq u o r  was added 1 ml o f  a s o lu t io n  
c o n ta in in g  3 ml o f  25% m etap h o sp h o ric  a c id  and 1 ml o f  5% fo rm ic  a c id .  
The rumen f l u i d  was a llo w ed  to  s ta n d  f o r  tw en ty  m inu tes  and th en  
c e n tr i f u g e d  a t  4000 rpm f o r  t h i r t y  m in u te s . S u b se q u en tly , a f t e r  
c e n t r i f u g a t io n ,  th e  s u p e rn a ta n t  was t r a n s f e r r e d  in to  a covered  g la s s  
v i a l  f o r  s to r a g e  i n  a f r e e z e r  (-5°C ) f o r  v o l a t i l e  f a t t y  a c id s  an a ly se s  
a t  a l a t e r  t im e .
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Chem ical A n a ly se s ; P rox im ate  chem ical a n a ly se s  o f  th e  in d iv id u a l  
in g re d ie n ts  used  in  th e  b len d e d  r a t io n s  w ere done by th e  L o u is ian a  S ta te  
U n iv e rs i ty  Feed and F e r t i l i z e r  L a b o ra to ry . The e s tim a te d  n e t energy  
(ENE) and th e  t o t a l  d i g e s t i b l e  n u t r i e n t s  (TEN) o f  th e  g r a in  sorghum 
s i l a g e  w ere c a lc u la te d  b ased  on th e  form ula used  in  th e  L o u is ian a  Big-Q 
F orage Program (Appendix T ab le  2 3 a ) .
M ilk sam ples w ere a n a ly z ed  f o r :  (a) f a t  p e rc en ta g e  u s in g  th e
au to m a tic  M ilk -O -T e s te r , (b) c ru d e  p r o te in  by K je ld a h l m ethod, (c) 
t o t a l  s o l id s  by s ta n d a rd  AOAC p ro ced u re  (2 ) ,  and (d) s o l i d s - n o t - f a t  by 
d i f f e r e n c e  ( i . e . ,  t o t a l  s o l id s  minus p e r  c e n t  f a t ) .
V o la t i l e  f a t t y  a c id s  ( a c e t i c ,  p ro p io n ic ,  and b u ty r ic )  o f  th e
rumen l iq u o r  w ere d e te rm in e d  u s in g  a M icro Tek Gas Chrom atograph Model 
GC -  1600.
Feed E f f ic ie n c y  (Therms ENE/kg FCM) and Economics o f  Com plete R ations 
I n d iv id u a l  ENE in ta k e s  w ere computed to  g iv e  an e s tim a t io n  o f 
th e  e f f i c i e n c y  o f  en e rg y  u t i l i z a t i o n  ( i . e . ,  Therms ENE/kg FCM).
D a ily  fe ed  c o s t s ,  fe e d  c o s ts  p e r  kg o f  4% FCM, and d a i ly  r e tu r n
above feed  c o s ts  w ere d e te rm in ed  u s in g  th e  a c tu a l  c o s ts  o f  in g re d ie n ts  
to  th e  L o u is ia n a  S t a t e  U n iv e r s i ty  D epartm ent o f  D airy  S c ien ce .
S t a t i s t i c a l  A nalyses
A nalyses o f  v a r ia n c e  a c c o rd in g  to  th e  m ethod o f  Snedecor (85) 
w ere run  to  t e s t  th e  s ig n i f i c a n c e  o f  d i f f e r e n c e s  o b ta in e d  among th e  
th r e e  r a t i o n s .  C o r r e la t io n  a n a ly s e s  betw een in d iv id u a l  f a t t y  a c id s  
and p e r  c e n t  m ilk  c o n s t i tu e n t s  w ere a ls o  ru n .
RESULTS AND DISCUSSION
Proxim ate A nalyses o f  th e  R a tio n s
The ch em ica l a n a ly s e s  o f  th e  In g re d ie n ts  and th e  p rox im ate  
co m p o sitio n  o f  th e  th r e e  e x p e r im e n ta l r a t io n s  used  a r e  p re se n te d  in  
Table 3 . I t  can  be o b se rv ed  in  T able 3 t h a t  th e  energy  le v e ls  o f  60 ,
65 , and 70 Therms p e r  4 5 .4 5  kg d ry  m a t te r ,  as p lanned  in  t h i s  s tu d y  
w ere more o r  l e s s  s a t i s f i e d .  The th r e e  r a t io n s  w ere ap p ro x im a te ly  
e q u a l in  c ru d e  p r o te in  c o n te n t  (15.39%, 15.47%, and 15.86%, fo r  R a tio n s  
A, B, and C, r e s p e c t i v e l y ) ,  b u t  v a r ie d  in  c ru d e  f ib e r  c o n te n t ,  ra n g in g  
from  13.86 to  20.30%.
Summary o f  Response O btained
A summary o f  th e  av e rag e  d a i ly  means f o r  d ry  m a t te r ,  e s tim a te d  
n e t  en erg y  (ENE), t o t a l  d i g e s t i b l e  n u t r i e n t s  (TDN), a c tu a l  m ilk  p ro d u c­
t i o n ,  f a t - c o r r e c t e d  m ilk  (PCM), s o l id s - c o r r e c te d  m ilk  (SCM), m ilk  
co m p o sitio n , e f f i c i e n c y  o f  energy  u t i l i z a t i o n ,  and rumen o b s e rv a tio n s  
o f  th e  e x p e r im e n ta l cows i s  p re se n te d  in  T ab le  4 . R e su lts  o f  th e  
o r th o g o n a l com parisons (Appendix T ables l a  and 2a) betw een th e  tre a tm e n t 
means o f  th e  th r e e  r a t io n s  f o r  each  o f  th e s e  re sp o n se s  a r e  summarized 
in  T ab le  5 . Each re sp o n se  o b ta in e d  in  e v a lu a t in g  th e  th re e  b lended  
r a t io n s  w i l l  be  d is c u s s e d  co m p reh en siv e ly  in  su cceed in g  s e c t io n s .
Dry M a tte r  and Energy In ta k e s
The TDN and ENE system s o f  m easu rin g  th e  en erg y  v a lu e  o f  feed s  
w ere b o th  used  in  th e  d e te rm in a tio n  o f  th e  en erg y  in ta k e s  o f  cows in  




P roxim ate C hem ical C om position  o f  th e  In g re d ie n ts  and 
th e  E x p e rim en ta l R a tio n s  Useda
In g re d ie n t
Crude
P ro te in
Crude
F ib e r
ENE p e r  
4 5 .4 5  kg DM TDN
% % Therms %
G rain  sorghum s i l a g e 7 .0 26 .1 5 0 .0 54 .4
Ground y e llo w  c o rn 1 0 . 0 2 . 6 8 9 .0b 9 0 .0b
Soybean o i l  m eal 4 9 .0 8 . 0 8 7 .0b 8 5 .5b
Steamed bone m eal - - - -
S a l t - - - -
R a tio n  A 15.39 20.30 60 .1 0 6 3 .06c
R atio n  B 15.47 17.10 65 .06 67 .54°
R a tio n  C 15.86 13.86 70 .03 72 .0 4 c
a Dry m a tte r  b a s is  
b Taken from  M orrison  (64) 
c C a lc u la te d
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TABLE 4
Summary o f  Responses O b ta in ed  From th e  E x p erim en ta l Cows 
Fed Complete R a tio n s  W ith T hree D if fe r e n t  Energy Levels
(L e a s t Square Means)
R a tio n s3
D aily  Responses A B C
Feed In ta k e
Dry M a tte r  (kg)
T o ta l D ig e s tib le  N u tr ie n t  (kg) 
E s tim a ted  Net Energy (Therms)
17.83








M ilk P ro d u c tio n  
M ilk (kg)
F a t-C p rre c te d  M ilk  (kg)










M ilk  C om position 
M ilk f a t  (%)
T o ta l s o l id s  (%) 
S o l id s - n o t - f a t  (%) 













G ross E f f ic ie n c y  








Rumen O b serv atio n s
V o la t i le  F a t ty  A cids 
A c e tic  (M %) 
P ro p io n ic  (M %) 
B u ty ric  (M %)









1 0 . 8 8
3 .2 8 :1
6 .6 2
68.85
2 0 . 8 8
11.17
3 .3 0 :1
6 .61
Economics
Feed c o s t/c o w /d a y  ($)
FCM v a lu e /co w /d ay  ($)










3  A <= 60 Therms; B = 65 Therms; C =» 70 Therm s/45.45 kg D.M.
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TABLE 5
Summary o f  th e  R e s u lts  o f  O rthogonal Comparisons Between 
th e  T reatm ent Means o f  th e  V arious Responses M easured
Responses
R atio n  Com parisons3 
A, B v s . C A v s . B
Feed In ta k e
Dry M a tte r ** **
T o ta l D ig e s t ib le  N u tr ie n t * * •kit
E stim a ted  Net Energy * * •kit
M ilk P ro d u c tio n
M ilk ** •kit
F a t-C o rre c te d  M ilk ** •kk
S o lid s -C o rre c te d  M ilk ** itit
M ilk C om position
M ilk f a t * it
T o ta l s o l id s ** ns
S o lid s -n o t  f a t ** *
P ro te in ** it
Gross E f f ic ie n c y
Kg TDN/Kg FCM ** •kit
Therms ENE/Kg FCM ** irk
Rumen O b serv a tio n s
V o la t i le  F a t ty  A cids
A ce tic ns ns
P ro p io n ic ns ns
B u ty r ic ns ns
PH ns ns
a A = 60 Therms; B = 65 Therms; C = 70 T herm s/45.45 kg D.M.
** S ig n i f ic a n t  a t  P <  .01 
* S ig n i f ic a n t  a t  P < .0 5  
ns N o n -s ig n if ic a n t
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sy stem  r e c e n t l y ,  en erg y  In ta k e  d a ta  w i l l  be d is c u s s e d  In  t h i s  sy stem .
TDN v a lu e s  n e v e r th e le s s ,  w ere In c lu d ed  f o r  r e fe r e n c e  purposes o f  th o se  
r e s e a rc h  w orkers who a r e  s t i l l  u s in g  t h i s  system  o f  energy  e v a lu a t io n .
The mean d a l ly  d ry  m a t te r  and ENE In ta k e s  fo r  each  cow fed  th e  
com plete  r a t io n s  f o r  th r e e  p e r io d s  a r e  shown In  Appendix T ables 3a and 
4 a , r e s p e c t iv e ly .  S t a t i s t i c a l  a n a ly s e s  o f  th e s e  d a ta  a re  shown in  
Appendix T able 5 a . The means o f  d a l ly  In ta k e s  f o r  d ry  m a tte r  (kg) and 
ENE (Therms) o f  th e  cows on th e  th r e e  r a t io n s  w ere: (A) 17 .83  and
2 2 .8 1 ; (B) 19 .94  and 2 8 .5 2 ; and (C) 21 .68  and 3 3 .1 5 , r e s p e c t iv e ly  
(T ab le  4 ) .  T rea tm en t com parisons In  T able 5 I n d ic a te  t h a t  th e  mean 
d ry  m a t te r  and ENE In ta k e s  o f  cows fe d  R a tio n  C (70 Therms w ere 
s i g n i f i c a n t l y  (P <  .01) h ig h e r  th a n  th e  In ta k e s  o f  th e  o th e r  two g ro u p s , 
w h ile  th e  in ta k e s  o f  cows on R a tio n  B (65 Therms) w ere h ig h e r  (P < .01) 
th a n  th o s e  o f  cows on R a tio n  A (60 Therms) . These means o f  d ry  m a tte r  
a r e  com parable  to  th o s e  v a lu e s  r e p o r te d  by L o u is ian a  S ta te  U n iv e r s i ty  
w orkers (2 0 , 28 , 91) who used  l a c t a t i n g  cows w ith  r e l a t i v e l y  th e  same 
m ilk  p ro d u c in g  a b i l i t y  as  th e  cows used  in  t h i s  s tu d y .
A g e n e ra l  t r e n d  o f  in c r e a s in g  e s tim a te d  n e t  en erg y  consum ption 
by cows was o b se rv ed  a s  th e  en erg y  le v e l  o f  th e  r a t i o n  was in c re a s e d .  
T his f in d in g  i s  i n  agreem ent w ith  th e  r e s u l t s  r e p o r te d  by Enlow e t  a l .  
(23) and H arn er and Spahr (33) i n  t h e i r  com plete  feed  s tu d i e s .
D uring  th e  c o u rse  o f  th e  e x p e rim e n t, th e  av erag e  body w eig h t 
o f  th e  cows was 58 6 .4  kg and th e  mean d a i ly  FCM p ro d u c tio n  was 20 .8  kg .
A cow h a v in g  t h i s  body w e ig h t and le v e l  o f  m ilk  p ro d u c tio n  r e q u ire s  
a p p ro x im a te ly  21 .6  Therms o f  ENE p e r  d ay , a c c o rd in g  to  M o rr iso n 's  
fe e d in g  s ta n d a rd s .  I t  was o b s e rv e d , how ever, t h a t  th e  cows in  th i s  
s tu d y  w ere consuming 2 2 .8  to  3 3 .1  Therms ENE p e r  day , which a r e  above
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th e  recommended re q u ire m e n ts  f o r  m a in ten an ce  and p ro d u c tio n  (21.6  
T herm s). The ENE In ta k e s  o f  th e s e  cows w ere low er th an  th e  In ta k e s  
r e p o r te d  by H am er and Spahr (3 3 ) , b u t a l i t t l e  h ig h e r  th an  th o se  
re p o r te d  by Enlow e t  a l .  (2 3 ) .
A p p a re n tly , th e  r e l a t i v e l y  low er d ry  m a t te r  and ENE in ta k e s  o f  
cows fed  th e  low en erg y  r a t io n s  (60 and 65 Therms) m ight be due to  th e  
b u lk in e s s  o f  th e s e  r a t i o n s .  Bulk p re v e n ted  th e  an im als from  e a t in g  
more to  com pensate f o r  th e  r e l a t i v e l y  low en e rg y  c o n c e n tra t io n  i n  th e  
r a t i o n s .
M ilk P ro d u c tio n
A c tu a l m ilk ,  FCM, and s o l id s - c o r r e c te d  m ilk  (SCM) p ro d u c tio n  fo r  
each cow fed  th e  th r e e  r a t io n s  f o r  th e  th r e e  p e r io d s  a r e  p re se n te d  in  
Appendix T ab les  6 a , 7 a , and 8 a , r e s p e c t iv e ly .  A nalyses o f  v a r ia n c e  o f  
th e s e  d a ta  a r e  shown i n  A ppendix T ab le  9a .
The mean d a i ly  m ilk  p ro d u c tio n  (kg) o f  th e  cows on R ations A, B, 
and C w ere: a c tu a l  -  2 0 .7 4 , 2 3 .1 6 , and 2 4 .1 2 ; FCM -  1 9 .1 0 , 2 0 .9 2 , and
2 2 .5 5 ; and SCM -  1 8 .5 8 , 2 0 .8 5 , and 2 2 .6 5 , r e s p e c t iv e ly  (T able 4 ) .  
T reatm ent com parisons i n  T able 5 show t h a t  th e  mean d a i ly  a c tu a l  m ilk , 
FCM, and SCM p ro d u c tio n  o f  cows on R ation  C w ere s ig n i f i c a n t l y  (P <  .01) 
h ig h e r  th a n  th o se  o f  th e  o th e r  two g ro u p s , and th e  m ilk  p ro d u c tio n  o f  
th o se  cows on R a tio n  B w ere h ig h e r  (P < .01 ) th a n  th a t  o f  cows on 
R atio n  A.
G e n e ra lly , i t  was o b se rv ed  t h a t  as th e  energy  le v e l  in  th e  r a t i o n  
in c r e a s e d ,  m ilk  p ro d u c tio n  a ls o  in c re a s e d  p r o p o r t io n a te ly .  This m ight 
be due to  in c re a s e d  in ta k e s  o f  en erg y  o b se rv ed  in  cows fed  th e  h ig h  
energy  r a t i o n s .  O th er w orkers (12 , 78 , 90) a l s o  r e p o r te d  in c re a se d
m ilk  p ro d u c tio n  due to  a g r e a te r  energy  In ta k e  w hich enhanced th e  
In h e re n t  a b i l i t y  o f  th e  cow to  p roduce m ilk .
The av erag e  l e v e l  o f  FCM p ro d u c tio n  (19 .10  kg to  22 .55  kg) 
observed  i n  t h i s  s tu d y  was com parable to  t h a t  r e p o r te d  by V i l la v ic e n c io  
e t  a l .  (9 1 ) , G u th r ie  e t  a l .  (2 8 ), Drude e t  a l .  (2 0 ), and H arner and 
Spahr (3 3 ) , b u t  h ig h e r  th a n  t h a t  r e p o r te d  by L e ig h to n  and Helm (5 4 ), 
Johnson e t  a l .  (4 7 ), and S ta n le y  and M o rita  (86) in  t h e i r  com plete  
feed  s tu d i e s .
Feed E f f ic ie n c y  (Therms ENE/kg FCM)
The av e rag e  d a i l y  feed  e f f i c i e n c y  f o r  each cow fed  th e  th re e  
b lended  r a t io n s  a r e  shown in  Appendix T able 10a. S t a t i s t i c a l  a n a ly se s  
o f  th e s e  d a ta  was p re s e n te d  in  T ab le  11a.
The d a i l y  means f o r  feed  e f f ic ie n c y  o f  th e  cows on R a tio n s  A, B, 
and C w ere 1 .2 3 , 1 .3 9 , and 1 .5 0 , r e s p e c t iv e ly  (T able 4 ) .  T reatm ent 
com parisons in  T ab le  5 in d i c a t e  t h a t  th e  d i f f e r e n c e s  betw een th e s e  
v a lu e s  w ere s ig n i f i c a n t  a t  P <  .01  and in d ic a te  t h a t  R a tio n  A was m ore 
e f f i c i e n t l y  u t i l i z e d  th a n  th e  o th e r  two r a t i o n s ,  w h ile  R a tio n  B was 
more e f f i c i e n t l y  u t i l i z e d  th a n  R a tio n  C.
A d e c re a s in g  tre n d  i n  feed  e f f i c i e n c y  o f  energy  u t i l i z a t i o n  as 
th e  le v e l  o f  en erg y  in  th e  r a t i o n  in c re a s e s  was shown in  t h i s  s tu d y . 
H arner and Spahr (33) a l s o  o b se rv ed  a  d e c re a s in g  tre n d  i n  feed  
e f f ic ie n c y  a s  th e  en e rg y  le v e l  in  th e  com plete  r a t io n s  was in c r e a s e d .  
However, th e y  r e p o r te d  v a lu e s  o f  1 .49  to  1 .83  Therms ENE p e r  kg FCM, 
w hich w ere h ig h e r  th a n  th e  v a lu e s  (1 .2 3  to  1 .5 0  Therms) o b serv ed  in  
t h i s  s tu d y .  Cameron and F o s tg a te  (16) and J a r r e t t  and F o s tg a te  (46) 
re p o r te d  a v a lu e  o f  1 .0  Therm p e r  kg o f  3.5% FCM produced .
In  g e n e r a l ,  o th e r  I n v e s t ig a to r s  (9 , 12, 15, 45) re p o r te d  a 
d im in ish in g  o u tp u t (m ilk  p ro d u c tio n )  fo r  each added u n i t  o f  feed  in p u t 
(ENE o r  en erg y  in ta k e )  above a c e r t a i n  le v e l  o f  en e rg y . Reid (77) in  
a s tu d y  o f  feed  in p u t-o u tp u t  co n c lu d ed , " th a t  th e  m ain cau ses  o f  
d im in ish in g  m ilk  o u tp u t  p e r  u n i t  o f  in p u t  as th e  in p u t in c r e a s e s , where
TDN (en erg y ) i s  th e  in p u t  u n i t  a r e  (a ) th e  d e c re a s in g  v a lu e  o f  TEW
as th e  in ta k e  o f  m ixed r a t i o n  in c r e a s e s ,  (b) t i s s u e  c a ta b o lism  y ie ld in g  
en erg y  f o r  th e  s e c r e t io n  o f  m ilk  r e s u l t i n g  in  a h ig h e r  a p p a re n t 
e n e r g e t ic  e f f i c i e n c y  o f  TDN (energy) consumed a t  low l e v e l s ,  and  (c) 
th e  d e p o s i t io n  o f  body f a t  a t  h ig h  le v e ls  o f  in ta k e ,  and th e  r e l a t i v e  
e f f i c i e n c y  w ith  w hich en erg y  i s  used  f o r  t h i s  p ro ce ss  as compared w ith  
t h a t  f o r  m ilk  p ro d u c tio n " .
I t  i s  o b v io u s , how ever, t h a t  th e r e  a re  d is c re p a n c ie s  re p o r te d  in  
th e  l i t e r a t u r e  as to  th e  e x a c t  v a lu e  o f  Therms ENE r e q u ire d  to  p roduce 
a u n i t  o f  FCM. A f a c t o r  t h a t  m igh t be in v o lv e d  i s  th e  s ta g e  o f  
l a c t a t i o n  o f  th e  an im a ls  used  in  th e  d i f f e r e n t  i n v e s t ig a t io n s .  M il le r  
and Hooven (65) r e p o r te d  v a r i a t i o n  i n  fe ed  e f f ic ie n c y  o f  H o ls te in  cows 
a t  d i f f e r e n t  s ta g e s  o f  l a c t a t i o n .  I t  i s  im p e ra tiv e  th e n ,  t h a t  i n  
r e p o r t in g  d a ta  on fe e d  e f f i c i e n c y  th e  s ta g e  o f  l a c t a t i o n  o f  th e  an im als  
sh o u ld  be in c lu d e d . H uston  (43) a ls o  p o in te d  o u t f a c to r s  such as le v e l  
and so u rc e  o f  e n e rg y , and e n v iro n m en ta l tem p e ra tu re  as a f f e c t in g  feed  
e f f i c i e n c y  o f  en erg y  u t i l i z a t i o n .
M ilk C om position
A verage m ilk  f a t ,  t o t a l  s o l i d s ,  s o lld s -n o n  f a t  (SNF), and p r o te in  
p e rc e n ta g e s  in  th e  m ilk  o f  each  cow fed  th e  th re e  com plete  r a t io n s  a r e  
p re s e n te d  in  A ppendix T ab les  12a to  15a. A nalyses o f  v a r ia n c e  o f  th e s e  
d a ta  a r e  shown in  A ppendix T able  16a.
The mean p e rc e n ta g e s  o f  c o n s t i tu e n t s  o f  m ilk  from th e  cows on 
R a tio n s  A, B, and C w ere: m ilk  f a t  -  3 .4 8 ,  3 .3 7 , and 3 .5 5 ; t o t a l
s o l id s  -  1 1 .7 5 , 1 1 .9 0 , and 1 2 .2 5 ; SNF -  8 .2 8 , 8 .5 3 , and 8 .7 5 ; and 
p r o te in  - 3 .0 3 , 3 .1 0 , and 3 .1 8 , r e s p e c t iv e ly  (T able 4 ) .  T reatm ent 
com parisons in  T ab le  5 show t h a t  th e  means fo r  a l l  th e s e  m ilk  
c o n s t i tu e n ts  o f  cows on R a tio n  C w ere s ig n i f i c a n t l y  (P < .05 fo r  m ilk  
f a t ,  P < .01 f o r  o th e r  c o n s t i t u e n t s )  h ig h e r  th an  th e  v a lu e s  fo r  th e  
o th e r  two g ro u p s . The means f o r  SNF and p r o te in  o b ta in e d  f o r  cows on 
R a tio n  B w ere a ls o  found to  be s i g n i f i c a n t l y  (P < .0 5 ) h ig h e r  th an  
th o se  on R a tio n  A. F o r unknown re a s o n s ,  th e r e  was a s l i g h t  lo w erin g  o f 
m ilk  f a t  o b se rv ed  in  th e  m ilk  o f  th e  cows on R a tio n  B. In  th e  com plete  
fe e d  s tu d ie s  by Drude e t  a l .  (20) and V il la v ic e n c io  e t  a l .  (9 1 ), low 
f a t  p e rc e n ta g e s  w ere r e p o r te d  i n  th e  m ilk  o f  cows fed  com plete  r a t io n s  
w ith  c o tto n se e d  h u l l s ,  c i t r u s  p u lp , a n d /o r  a l f a l f a  p e l l e t s  as so u rces  
o f  roughage .
The h ig h e s t  p e rc e n ta g e  o f  m ilk  f a t  (3.55%) i n  t h i s  s tu d y  was 
o b se rv ed  in  th e  m ilk  o f  cows fe d  R a tio n  C w hich c o n ta in e d  th e  lo w est 
c ru d e  f i b e r  le v e l  (13.86%) and th e  lo w e s t roughage l e v e l  (43.8%) on a 
d ry  m a tte r  b a s i s .  The lo w es t m ilk  f a t  p e rc e n ta g e  was o b serv ed  in  cows 
fed  R a tio n  B which c o n ta in e d  a c ru d e  f i b e r  le v e l  o f  17.10% and a 
roughage c o n te n t  o f  57.5% on a d ry  m a t te r  b a s i s .  I t  ap p ea rs  th e r e f o r e ,  
t h a t  c ru d e  f i b e r  l e v e l  and roughage l e v e l  in  th e  com ple te  r a t io n s  do 
n o t e n t i r e l y  c o n t r o l  th e  m ilk  f a t  c o n te n t ,  a t  l e a s t  under th e  c o n d it io n s  
o f  t h i s  s tu d y . These f in d in g s  a r e  in  d isag reem en t w ith  th e  r e s u l t s  o f  
L i t t l e  (56) who re p o r te d  a s i g n i f i c a n t  (P <  .0 5 ) lo w erin g  in  m ilk  f a t  
p e rc e n ta g e  o f  cows fed  a r a t i o n  w ith  13.8% c ru d e  f i b e r  as compared to  
1 6 .8  and 18.9% cru d e  f i b e r  l e v e l  r a t i o n s .  However, L i t t l e  used chopped
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(2 .5 4  cm) c o a s ta l  Bermudagrass hay  In  h is  s tu d y ,  w h ile  In  th e  p re s e n t  
I n v e s t ig a t io n  th e  s i l a g e  m a te r ia l  was c u t l a r g e r  th an  2 .5 4  cm. I t  Is  
p o s s ib le  th e n , t h a t  a lth o u g h  c ru d e  f i b e r  l e v e l  o f  th e  r a t i o n  m ight have 
an e f f e c t  on millc f a t  c o n te n t ,  p h y s ic a l  form  a n d /o r  so u rce  o f  c ru d e  
f i b e r  may a ls o  p la y  an im p o rtan t r o le  i n  lo w erin g  th e  m ilk  f a t  
p e rc e n ta g e . A d d it io n a l ly ,  a c r i t i c a l  c ru d e  f i b e r  l e v e l  may e x i s t  
beyond w hich m ilk  f a t  c o n te n t i s  n o t  p r o p o r t io n a te ly  a f f e c te d  by 
v a ry in g  le v e ls  o f  c ru d e  f ib e r  c o n te n t .  T his h a s  y e t  to  be a s c e r ta in e d .
The g e n e ra l p a t te r n  o b serv ed  o f  in c re a s e d  SNF and p r o te in  
c o n te n ts  o f  th e  m ilk  as th e  energy  l e v e l  in  th e  r a t i o n  in c re a s e s  i s  in  
agreem ent w ith  th o se  r e s u l t s  r e p o r te d  by Murdock and Hodgson (6 7 ),
Huber and Boman (3 9 ), and Hoogendorn and G riev e  (3 7 ).
Rumen V o la t i l e  F a t ty  A cids and pH
Appendix T ab les  17a to  20a show th e  a v e ra g e  m o lar p e rc e n ta g e s  
f o r  a c e t i c ,  p ro p io n ic ,  and b u ty r ic  a c id s ,  and th e  pH o b ta in e d  from th e  
rumen l iq u o r  o f  th e  in d iv id u a l  cows fed  th e  th r e e  com plete  r a t i o n s .  
A nalyses o f  v a r ia n c e  o f  th e se  d a ta  a r e  p re s e n te d  in  Appendix T ab le  21a.
Mean m o lar p e rc e n ta g e s  f o r  th e  rumen o b s e rv a t io n s  o f  th e  cows on 
R a tio n s  A, B, and C w ere: a c e t i c  a c id  -  6 8 .7 9 , 6 9 .4 8 , and 6 8 .8 5 ;
p ro p io n ic  a c id  -  2 1 .3 2 , 2 1 .1 3 , and 2 0 .8 8 ; b u ty r ic  a c id  -  1 0 .5 2 , 1 0 .8 8 , 
and 1 1 .1 7 ; pH -  6 .7 8 , 6 .6 2 , and 6 .6 1 , r e s p e c t iv e ly  (T ab le  4 ) .
S t a t i s t i c a l  a n a ly s e s  (Appendix T ab le  21a) show no s ig n i f i c a n t  
d i f f e r e n c e s  betw een th e  means o f  each  o f  th e s e  o b s e rv a t io n s  in  th e  cows 
on th e  th re e  r a t i o n s .  Hence, in c r e a s in g  th e  en erg y  le v e l  o f  th e  r a t io n  
fed  t o  th e  an im als  f a i l e d  to  a l t e r  g r e a t ly  th e  r e l a t i v e  p ro p o r t io n s  o f  
th e  v o l a t i l e  f a t t y  a c id s  produced and th e  pH o f  th e  rumen l iq u o r .
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Under th e  c o n d i t io n  o f  t h i s  s tu d y ,  how ever, i t  i s  p ro b a b le  th a t  
th e  lo w est roughage le v e l  o f  43.8% and th e  lo w est c ru d e  f ib e r  l e v e l  o f  
13.8% (d ry  m a tte r  b a s is )  i n  th e  su p p o sed ly  h ig h  en erg y  r a t io n  (R atio n  C) 
m ig h t n o t  have been low enough to  c au se  any s ig n i f i c a n t  changes in  th e  
r e l a t i v e  p ro p o rtio n s  o f  rumen c o n s t i t u e n t s .
M ilk  C om position  in  R e la t io n  to  Rumen V o la t i l e  F a t ty  A cids
A g e n e ra l  in c re a s e  in  th e  p e rc e n ta g e s  o f  th e  m ilk  c o n s t i tu e n ts
was o b se rv ed  as  th e  en e rg y  l e v e l  o f  th e  r a t i o n  fe d  was in c r e a s e d .  In  
an a tte m p t to  e lu c id a te  t h i s  phenomenon, a c o r r e l a t i o n  a n a ly s is  was 
ru n  to  d e te rm in e  w h eth er p ro b a b le  c o r r e l a t i o n s  do e x i s t  betw een th e  
r e l a t i v e  p ro p o r tio n s  o f  rumen v o l a t i l e  f a t t y  a c id s  and c e r t a i n  m ilk  
c o n s t i t u e n t s .  R e su lts  o f  t h i s  a n a ly s is  as p re s e n te d  in  T ab le  6 show 
no s i g n i f i c a n t  c o r r e l a t io n s  betw een th e  v a r i a b le s  s tu d ie d .  These 
f in d in g s  f a i l e d  to  c o l la b o r a te  th e  g e n e ra l  im p l ic a t io n  o f  a d e f i n i t e  
r e l a t io n s h ip  e x i s t in g  betw een c e r t a i n  m ilk  c o n s t i tu e n t s  and a p p a re n t 
p ro p o r t io n  o f  v o l a t i l e  f a t t y  a c id s  a s  r e p o r te d  by B alch e t  a l .  (3) and
Rook and B alch (8 2 ). In  th e  com ple te  s tu d ie s  by Drude e t  a l .  (20) and
G iro u ard  (27) th ey  h in te d  a c lo s e  a s s o c ia t io n  betw een  rumen a c e ta te  
p ro d u c tio n  and m ilk  f a t  d e p re s s io n .  However, G u th r ie  e t  a l .  (28) 
o b serv ed  no c lo s e  a s s o c ia t io n  betw een l e v e l  o f  rumen a c e ta te  p ro d u c tio n  
and m ilk  f a t  d e p re s s io n  i n  t h e i r  co m p le te  fe e d  in v e s t i g a t io n .  No 
a tte m p t was made to  c o r r e l a t e  th e  a c e t a t e  to  p ro p io n a te  r a t i o  w ith  any 
o f  th e  m ilk  c o n s t i tu e n ts  i n  t h i s  s tu d y  b e cau se  th e r e  ap p eared  to  be no 
s ig n i f i c a n t  d i f f e r e n c e s  betw een th e  mean a c e t a t e  to  p ro p io n a te  r a t io s  
o b ta in e d  f o r  th e  th r e e  r a t io n s  (T ab le  4 ) .  These r e s u l t s  do n o t c l e a r ly  
e s t a b l i s h  d ie  e x a c t m echanism r e s p o n s ib le  f o r  th e  in c r e a s e  in  v a r io u s
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m ilk  c o n s t i tu e n ts  o f  cows on a h ig h  en erg y  r a t i o n .  Hence, f u r th e r  
r e s e a rc h  I s  I n d ic a te d .
TABLE 6
C o r r e la t io n  A n a ly s is  Between C e r ta in  M ilk C o n s t i tu e n ts  and Ruminal 
V o la t i le  F a t ty  A cids o f  Cows on th e  T hree Com plete R ations
V o la t i l e  F a t ty  Acids
M ilk  C o n s ti tu e n t A c e tic P ro p io n ic B u ty ric
M ilk  f a t -0 .0 5 4 0 .021 0 .003
T o ta l  s o l id s 0 .064 -0 .1 0 4 0 .080
S o l id s - n o t - f a t 0 .140 -0 .1 4 6 0.114
Economics (R eturns above fe e d  c o s t s )  o f  th e  T hree R a tio n s
Feed i s  by f a r  th e  l a r g e s t  s in g le  item  o f  expense in  th e  t o t a l  
c o s t  o f  m ilk  p ro d u c tio n . I t  g e n e r a l ly  c o n s t i t u t e s  up to  50 p e r  c e n t o f  
th e  t o t a l  c o s t  o f  p ro d u c in g  m ilk  (6 , 6 4 ) .  V a r ia t io n s  in  a c tu a l  c o s ts  
e x i s t ,  how ever, due to  v a r io u s  f a c to r s  in c lu d in g  s i z e  o f  h e rd , k in d  o f  
fe ed s  o r  r a t io n s  u se d , in h e r e n t  p ro d u c tio n  c a p a c i ty  o f  th e  h e rd , 
lo c a t io n ,  h e rd  management fo llo w ed  and p o s s ib ly  o th e r  f a c t o r s .  Hence, 
economic a n a ly s is  i s  im p o rta n t b e fo re  any p ro d u c tio n  p r a c t i c e  may be 
recommended to  d a iry  fa rm e rs .  Economic a n a ly s is  in  t h i s  s tu d y  d e a l t  
m a in ly  in  d e te rm in in g  r e tu r n s  above feed  c o s t s .
The c o s ts  o f  th e  in g r e d ie n ts  i n  th e  ex p e r im e n ta l r a t io n s  used 
a r e  shown in  Appendix T ab le  2 2 a . The c o s t  o f  th e  C la ss  I  m ilk  used in  
th e  co m p u ta tio n a l a n a ly s is  was $7,925 p e r  4 5 .4 5  kg (100 lb )  FCM. The 
econom ic in d ic a to r s  used  g iv e n  in  d o l l a r s  ($) p e r  cow p e r  day f o r  
R a tio n s  A, B, and C w ere: fe ed  c o s t  -  1 .0 7 , 1 .3 3 , and 1 .5 4 ; FCM v a lu e
3 .3 2 , 3 .6 4 , and 3 .9 2 ; and Income o v e r feed  c o s t  -  2 .2 5 , 2 .3 1 , and 2 .3 8 , 
r e s p e c t iv e ly  (T ab le  4 ) .  W hile fe e d  c o s t  p e r  cow p e r  day In c re a se d  
($1 .07  to  $1 .54) a s  th e  e n e rg y  le v e l  o f  th e  r a t io n  was in c re a se d  from 
60 to  70 ftierms p e r  45 .4 5  kg d ry  m a t te r ,  economic e f f i c ie n c y  as 
m easured by income o v e r fe e d  c o s t  ($2 .25  to  $2 .38 ) a ls o  in c r e a s e d .  
Hence, in c re a s e d  c o s t  o f  fe e d in g  a h ig h  en erg y  r a t io n  m igh t be more 
th a n  com pensated by th e  in c re a s e d  m ilk  p ro d u c tio n  o b ta in e d  from cows 
fed  w ith  such r a t i o n .
GENERAL DISCUSSION
A g r e a t  number o f  s tu d ie s  u t i l i z i n g  com ple te  fe e d s  have been 
co n d u cted  w ith  l a c t a t i n g  d a i r y  cows in  r e c e n t  y e a rs  (20, 23 , 33, 28 , 40 , 
47 , 50 , 53 , 54 , 55, 60 , 61 , 72, 75, 76, 79 , 81 , 8 7 ) . R e su lts  o f  th e s e  
s tu d ie s  g e n e r a l ly  i n d i c a t e  t h a t  th e  use o f  co m p le te  fe ed s  w i l l  
d e f i n i t e l y  p la y  a v e ry  im p o rta n t r o l e ,  e s p e c i a l l y  in  la r g e  d a i r y  h e rd s  
w here th e r e  i s  g r e a t e r  need fo r  m ech an iza tio n  and a u to m a tio n . At 
p r e s e n t ,  how ever, th e r e  i s  s t i l l  a d e a r th  o f  know ledge as to  th e  e x a c t 
n u t r i e n t  co m p o sitio n  t h a t  a  com plete  r a t i o n  sh o u ld  c o n ta in  to  su p p o rt 
maximum and e f f i c i e n t  m ilk  p ro d u c tio n  a t  d i f f e r e n t  l e v e l s  o f  p ro d u c tio n  
and a t  v a r io u s  s ta g e s  o f  l a c t a t i o n .  This s tu d y  th e r e f o r e  was d es ig n ed  
w ith  th e  hope o f  g a th e r in g  a d d i t io n a l  in fo rm a tio n  on one o f  th e  m ost 
im p o rta n t n u t r i e n t s  needed by th e  anim al body, nam ely, e n e rg y .
R e s u lts  o f  th e  p r e s e n t  s tu d y  show a s ig n i f i c a n t  (F <  .01) 
in c r e a s e  in  amount o f  d ry  m a tte r  in ta k e  as  th e  en erg y  l e v e l  o f  energy  
in  th e  r a t i o n  i s  in c r e a s e d .  This in c r e a s e  in  fe e d  in ta k e  r e s u l t e d  in  
a s i g n i f i c a n t  (P <  .0 1 ) in c r e a s e  in  p ro d u c tio n  o f  a c tu a l  m ilk , f a t -  
c o r r e c te d  m ilk , and s o l id s - c o r r e c te d  m ilk . O th e r w orkers (12 , 78 , 90) 
h av e  a l s o  re p o r te d  an  in c r e a s e  in  m ilk  p ro d u c tio n  due t o  a g r e a te r  
en e rg y  in ta k e .
Under th e  c o n d i t io n s  o f  t h i s  s tu d y , fe e d in g  cows w ith  low energy  
r a t i o n  (60 T herm s/45.45 kg d ry  m a tte r )  r e s u l t e d  in  a s i g n i f i c a n t l y  
(P < .0 1 )  more e f f i c i e n t  en erg y  u t i l i z a t i o n  o f  th e  r a t i o n  o v er h ig h e r  
e n e rg y  r a t io n s  (65 and 70 T herm s/45 .45 kg d ry  m a t t e r ) .  T his f in d in g  i s  
s im i la r  to  r e s u l t s  o b ta in e d  by H arner and Spahr (33) i n  t h e i r  com plete
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feed  s tu d i e s .  However, I t  was o b se rv ed  t h a t  " r e tu r n s  above feed  c o s t s " ,  
was g r e a te r  f o r  cows fed  th e  h ig h e s t  en e rg y  r a t i o n  (R ation  C ), w hich I s  
In  co n fo rm ity  w ith  th e  f in d in g s  o f  o th e r  w o rk ers  (17 , 42) who re p o r te d  
a p p re c ia b le  economic r e tu rn s  In  m ilk  p ro d u c tio n  due to  In c re a se d  g r a in  
(energy) fe e d in g  to  h ig h -p ro d u c in g  cow s.
A g e n e ra l  tre n d  o f  in c r e a s in g  p e rc e n ta g e s  in  th e  m ilk  c o n s t i tu e n ts  
was a ls o  n o tic e d  as  th e  energy  l e v e l  in  th e  r a t i o n  was in c re a s e d .
H ence, a c o r r e l a t i o n  a n a ly s is  was ru n  to  a s c e r t a i n  i f  any d e f i n i t e  
r e l a t io n s h ip  e x is te d  betw een c e r t a i n  m ilk  c o n s t i tu e n t s  and rumen v o l a t i l e  
f a t t y  a c id s  as  has  been  re p o r te d  by  o th e r  w o rk ers  (7 , 82 , 8 3 ) .  However, 
t h i s  f a i l e d  to  show any c o n c lu s iv e  a s s o c ia t io n  betw een th e  v a r ia b le s  
s tu d ie d .  W ith r e fe r e n c e  to  m ilk  f a t  p e rc e n ta g e s ,  i t  i s  g e n e r a l ly  ag reed  
t h a t  com plete  r a t i o n  w ith  le s s  th a n  17% c ru d e  f i b e r  on d ry  m a tte r  b a s is  
w ould r e s u l t  i n  lo w erin g  o f  m ilk  f a t  p e rc e n ta g e .  However, no d e p re s s io n  
in  m ilk  f a t  p e rc e n ta g e s  was o b ta in e d  i n  th e  p r e s e n t  s tu d y , d e s p i te  th e  
f a c t  t h a t  R a tio n  C c o n ta in e d  o n ly  14% C .F . Thus, o th e r  f a c to r s  such  as 
p h y s ic a l  form  and d e n s i ty  o f  th e  r a t i o n ,  amount o f  roughage f e d ,  and a 
p o s s ib le  i n t e r a c t io n  betw een c ru d e  f i b e r  and en erg y  le v e ls  in  th e  
r a t io n s  m ight b e  in v o lv ed  in  a l t e r i n g  m ilk  f a t  p e rc e n ta g e . The 
p ro b a b le  i n t e r a c t io n  can  n o t be p roven  w ith  th e  p re s e n t  s tu d y . A 
f a c t o r i a l  ex perim en t in v o lv in g  d i f f e r e n t  c ru d e  f i b e r  and en erg y  le v e ls  
would have to  be d es ig n ed  to  p rove  t h i s  p o s s i b i l i t y  o f  i n t e r a c t io n .
In  g e n e r a l ,  th e  o v e r a l l  perfo rm ance o f  cows fed  w ith  th e  b len d ed  
h ig h  en erg y  r a t i o n  was q u i te  e n c o u ra g in g . However, th e  en erg y  le v e l  o f  
70 Therms p e r  4 5 .4 5  kg d ry  m a tte r  in  th e  co m p le te  fe ed  used  in  t h i s  
s tu d y  may n o t be th e  c e i l i n g  f o r  th e  e x p e r im e n ta l cows, s in c e  a h ig h ly  
s i g n i f i c a n t  (P <  .01) l i n e a r  re sp o n se  was o b ta in e d  in  m ilk  p ro d u c tio n
when th e  energy  le v e l  was In c re a s e d  from 60 to  70 Therms. Perhaps a 
h ig h e r  energy  le v e l  In  th e  r a t i o n  would be  re q u ire d  in  o rd e r  to  re a c h  
th e  g e n e t ic  p o te n t i a l  f o r  m ilk  p ro d u c tio n  f o r  th e s e  a n im a ls . F u r th e r  
s tu d y  needs to  be conducted  in  o rd e r  to  d e te rm in e  th e  o p tim a l energy  
le v e l  in  a com plete  r a t i o n  f o r  m ost e f f i c i e n t  m ilk  p ro d u c tio n .
SUMMARY AMD CONCLUSIONS
T his in v e s t ig a t io n  was conducted  w ith  tw e lv e  h ig h -p ro d u c in g  
H o ls te in  d a i r y  cows in  a  4 (3  x 3) L a tin  Square d e s ig n  w ith  th e  
fo llo w in g  o b j e c t i v e s : (a) to  d e te rm in e  th e  co m p a ra tiv e  e f f e c t s  o f
v a ry in g  energy  l e v e l s  (R a tio n  A -  60 Therms, R a tio n  B - 65 Therm s, and 
R a tio n  C -  70 Therms p e r  45 .45  kg d ry  m a tte r )  o f  com plete  feeds 
c o n ta in in g  g r a in  sorghum s i l a g e  as  th e  o n ly  so u rc e  o f  roughage on m ilk  
p ro d u c tio n , m ilk  c o m p o s itio n , rumen v o l a t i l e  f a t t y  a c id  p ro d u c tio n , 
and e f f i c i e n c y  o f  en erg y  u t i l i z a t i o n ,  (B) to  d e te rm in e  p ro b a b le  
s t a t i s t i c a l  c o r r e l a t io n s  betw een c e r t a in  m ilk  c o n s t i tu e n ts  and r e l a t i v e  
p ro p o r t io n s  o f  rumen v o l a t i l e  f a t t y  a c id s ,  and (c) to  e v a lu a te  th e  n e t  
r e tu r n s  above feed  c o s ts  o f  th e  th re e  r a t io n s  s tu d ie d .
P rox im ate Chem ical C om position  o f  th e  R ations Used
The p ro x im ate  ch em ica l co m p o sitio n  o f  R a tio n s  A, B, and C on a 
d ry  m a tte r  b a s is  w ere: en erg y  -  60 , 65 , and 70 Therms ENE/45.45 kg 
d ry  m a t te r ;  c ru d e  p r o te in  (%) -  15 .3 9 , 1 5 .4 7 , and 1 5 .8 6 ; and c ru d e  
f i b e r  (%) -  2 0 .3 0 , 1 7 .1 0 , and 13 .8 6 , r e s p e c t iv e ly .  I t  can  be ob serv ed  
t h a t  th e  th r e e  com plete  r a t io n s  v a ry  in  energy  and c ru d e  f i b e r  l e v e l s ,  
b u t  a lm o st s im i la r  in  c ru d e  p r o te in  c o n te n t .
M ilk  P ro d u c tio n
The mean d a i ly  m ilk  p ro d u c tio n  (kg) o f  th e  cows on R ations A, B, 
and C w ere : a c tu a l  -  2 0 .7 4 , 2 3 .1 6 , and  2 4 .1 2 ; FCM -  1 9 .1 0 , 2 0 .9 2 , and
2 2 .5 5 ; and SCM - 1 8 .5 8 , 2 0 .8 5 , and 2 2 .6 5 , r e s p e c t iv e ly .  Mean d a i ly  
a c tu a l  m ilk  p ro d u c tio n , FCM, and SCM o f  th e  cows on R a tio n  C w ere found
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to  be s ig n i f i c a n t l y  (P < .01) g r e a te r  th a n  th o s e  o f  th e  o th e r  two 
g ro u p s ; th e  m ilk  p ro d u c tio n  o f  th e  cows on R a tio n  B were g r e a te r  
(P < .01) th a n  t h a t  o f  cows on R atio n  A. T his In c re a s e  In  m ilk  
p ro d u c tio n  I s  p ro b ab ly  due to  th e  In c re a s e d  en erg y  In ta k e  by th e  cows 
fed  th e  h ig h  en erg y  r a t i o n .
Dry M a tte r  and ENE In ta k e s
The av e rag e  d a i ly  feed  in ta k e  o f  th e  cows on R a tio n s  A, B, and C 
w ere: d ry  m a tte r  (kg) -  1 7 .8 3 , 1 9 .9 4 , and 2 1 .6 8 ; ENE (Therms) -  2 2 .8 1 ,
2 8 .5 2 , and 3 3 .1 5 , r e s p e c t iv e ly .  The h ig h e s t  in ta k e  v a lu e s  f o r  d ry  
m a tte r  and ENE o b ta in e d  w ith  R a tio n  C (70 Iherm s) w ere s i g n i f i c a n t l y  
(P <  .0 1 ) g r e a te r  th a n  th e  in ta k e s  o f  th e  o th e r  two g ro u p s , w h ile  th e  
in ta k e s  o f  cows on R a tio n  B (65 Therms) w ere g r e a t e r  (P <  .0 1 ) th a n  
th o se  o f  cows on R a tio n  A (60 Ih e rm s). The g e n e ra l  t re n d  o f  d e c re a s in g  
fe e d  in ta k e  w ith  in c r e a s in g  roughage (d e c re a s in g  en erg y ) i n  th e  b lended  
r a t i o n s ,  im p lie s  t h a t  roughage b u lk in e s s  l i m i t s  th e  c a p a c i ty  o f  th e  
cows to  consume m ore fe e d , h en ce , en erg y  in ta k e  i s  l im i te d .
Feed E f f ic ie n c y  (Therms ENE/kg FCM)
The d a i ly  av e rag e  fe ed  e f f ic ie n c y  o f  th e  cows on R atio n s A, B, 
and C w ere 1 .2 3 , 1 .3 9 , and 1 .5 0 , r e s p e c t iv e ly .  The d i f f e r e n c e s  betw een 
th e s e  v a lu e s  w ere found to  be s ig n i f i c a n t  a t  P <  .01  and in d ic a te  t h a t  
R a tio n  A was more e f f i c i e n t l y  u t i l i z e d  th a n  th e  o th e r  two r a t i o n s ,  
w h ile  R a tio n  B was more e f f i c i e n t l y  u t i l i z e d  th a n  R a tio n  C.
M ilk  C om position
The mean p e rc e n ta g e s  f o r  m ilk  c o n s t i tu e n t s  o f  th e  cows on R atio n s  
A, B, and C w ere: m ilk  f a t  (%) -  3 .4 8 , 3 .3 7 ,  and 3 .5 5 ; t o t a l  s o l id s
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(%) -  1 1 .7 5 , 1 1 .9 0 , and 1 1 .2 5 ; SNF (%) -  8 .2 8 ,  8 .5 3 , and 8 .7 5 ; and 
p r o te in  (%) -  3 .0 3 , 3 .1 0 , and 3 .1 8 , r e s p e c t iv e ly .  The means fo r  th e  
above m ilk  c o n s t i tu e n ts  o f  th e  cows on R a tio n  C w ere found to  be 
s i g n i f i c a n t l y  (P < .05  f o r  m ilk  f a t ,  P <  .01  f o r  th e  o th e r  m ilk  
c o n s t i tu e n t s )  h ig h e r  th a n  th e  v a lu e s  o b ta in e d  on th e  o th e r  two r a t i o n s .  
The means f o r  SNF and p r o te in  o b ta in e d  f o r  th e  cows on R a tio n  B were 
s i g n i f i c a n t l y  (P < .05) h ig h e r  th a n  th o s e  on R a tio n  A, w h ile  th e  
a v e rag e  m ilk  f a t  p e rc e n ta g e  o f  th e  cows on R a tio n  B was s i g n i f i c a n t l y  
(P <  .0 5 ) low er th a n  th a t  o b ta in e d  on R a tio n  A. The f in d in g  th a t  th e  
m ilk  f a t  p e rc e n ta g e  o b ta in e d  on R a tio n  C was h ig h e r  th a n  th e  v a lu e s  on 
R a tio n s  B and A, i n s p i t e  o f  th e  f a c t  t h a t  th e  c ru d e  f i b e r  l e v e l  o f  
R a tio n  C (13.86%) was below th e  recommended v a lu e s  o f  17-20% fo r  
com ple te  f e e d s ,  in d ic a te s  o th e r  f a c to r s  in f lu e n c in g  m ilk  f a t  p e rc e n ta g e  
may be in v o lv e d .
Rumen V o la t i l e  F a t ty  Acids and pH
The mean m olar p e rc e n ta g e s  f o r  rumen v o l a t i l e  f a t t y  a c id s  o f  th e  
cows on R a tio n s  A, B, and C w ere: a c e t i c  a c id  - 6 8 .7 9 , 6 9 .4 8 , and
6 8 .8 5 ; p ro p io n ic  a c id  - 2 1 .3 2 , 2 1 .1 3 , and 2 0 .8 8 ; and b u ty r ic  a c id  -
1 0 .5 2 , 1 0 .8 8 , and 1 1 .1 7 , r e s p e c t iv e ly .  The av e rag e  pH v a lu e s  f o r  
R a tio n s  A, B, and C w ere 6 .7 8 , 6 .6 2 ,  and 6 .6 1 ,  r e s p e c t iv e ly .  No 
s i g n i f i c a n t  d i f f e r e n c e s  w ere o b se rv ed  i n  th e  rumen v o l a t i l e  f a t t y  a c id s  
and pH v a lu e s  o b ta in e d  from th e  rumen l iq u o r  o f  th e  cows fed  th e  th re e  
com ple te  r a t i o n s .
M ilk C om position  in  R e la tio n  to  V o la t i l e  F a t ty  A cids
No s i g n i f i c a n t  c o r r e l a t io n s  w ere found betw een any o f  th e  rumen 
v o l a t i l e  f a t t y  a c id s  and th e  m ilk  c o n s t i tu e n t s  a n a ly z e d . These f in d in g s
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su g g e s t t h a t  o th e r  f a c to r s  a s id e  from  th e  r e l a t i v e  p ro p o rtio n s  o f  rumen 
v o l a t i l e  f a t t y  a c id s  m igh t be r e s p o n s ib le  f o r  th e  In c re a s e  In  
p e rc e n ta g e s  o f  m ilk  c o n s t i tu e n t s  o b serv ed  in  th e  m ilk  o f  cows fed  th e  
h ig h  en erg y  r a t i o n s .
Economics (R etu rns above fe ed  c o s t s )  o f  th e  T hree Com plete R a tio n s  
I t  w ould ap p e a r  t h a t  a lth o u g h  th e  feed  c o s t  p e r cow p e r  day 
in c re a s e d  from  $1 .07  to  $1 .5 4  as th e  en erg y  le v e ls  o f  r a t io n s  w ere 
in c re a s e d  from 60 to  65 to  70 Therm s, r e s p e c t iv e ly ;  th e  b e s t  r e tu r n s  
above feed  c o s ts  w ere o b ta in e d  by fe e d in g  cows th e  h ig h e r  en erg y  
r a t io n s  (B and C ) . The in c re a s e d  m ilk  p ro d u c tio n  o b ta in e d  from  th e  
cows fed  th e  h ig h e r  en erg y  r a t io n s  more th a n  com pensated th e  in c re a s e d  
feed  c o s t s .
G enera l H ea lth  o f  th e  Cows
W ith th e  e x c e p tio n  o f  one an im al th a t  showed m ild  s t i f f n e s s  o f  
th e  j o i n t s  tow ard th e  end o f  th e  e x p e rim e n t, no o th e r  h e a l th  problem s 
w ere ob serv ed  th ro u g h o u t th e  d u r a t io n  o f  th e  e x p e rim en t.
C onclusions
Under th e  c o n d i t io n s  and management p r a c t ic e s  employed in  t h i s  
i n v e s t i g a t io n ,  th e  fo llo w in g  c o n c lu d in g  s ta te m e n ts  can  b e  drawn:
a) P ro p e r ly  e n s i l e d  g r a in  sorghum s i l a g e  ap p ears  to  be  a 
s a t i s f a c t o r y  so u rc e  o f  roughage f o r  b le n d in g  in  com plete r a t i o n s .  This 
would have a  v e ry  s p e c ia l  s ig n i f i c a n c e ,  e s p e c ia l ly  in  a re a s  w here th e r e  
i s  l im ite d  r a i n f a l l  o r  w here c o rn  can n o t be grown s u c c e s s f u l ly .
b ) The in c r e a s in g  t re n d  in  m ilk  p ro d u c tio n  re sp o n se s  o b serv ed  
as th e  energy  le v e l  i n  th e  com plete  r a t io n s  w ere in c r e a s e d ,  in d ic a te s
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t h a t  70 Therms ENE p e r  45 .45  kg d ry  m a tte r  may n o t be th e  maximum 
en erg y  l e v e l  t h a t  a com ple te  r a t io n  sh o u ld  c o n ta in  to  a llo w  th e  h ig h  
p ro d u c in g  cow to  f u l l y  ex p ress  h e r  in h e re n t  m ilk  p ro d u c in g  c a p a c i ty .
c )  The e f f i c i e n c y  o f  energy  u t i l i z a t i o n  by cows d ec re a se d  w ith  
in c r e a s in g  energy  le v e ls  in  th e  r a t i o n ,  how ever, t h i s  was com pensated 
by th e  in c re a s e d  m ilk  p ro d u c tio n  which r e s u l t e d  in  g r e a t e r  economic 
r e tu r n s  above feed  c o s t s .
d) The in c r e a s e  in  p e rc e n ta g e s  o f  m ilk  c o n s t i tu e n t s  i s  
in f lu e n c e d  by  fe e d in g  a  h ig h  energy  r a t i o n .  This in c r e a s e  i s  d i f f i c u l t  
to  e x p la in  and i s  c o n t r o l le d  n o t o n ly  by th e  r a t i o  o f  c o n c e n tr a te  to  
ro u g h ag e , th e  r e l a t i v e  p ro p o r tio n s  o f  rumen v o l a t i l e  f a t t y  a c id s ,  and 
p ro b a b ly  by o th e r  f a c t o r s .
e ) F u r th e r  s tu d ie s  on com plete  fe e d s  in  th e  fo llo w in g  a re a s  a r e  
deemed w a rra n te d : (1) fe e d in g  com plete  r a t io n s  w ith  en erg y  le v e l s  above
70 Therms p e r  45 .4 5  kg d ry  m a t te r ,  ( l i )  fe e d in g  com ple te  feed s  w ith  
v a ry in g  en erg y  le v e ls  a t  d i f f e r e n t  s ta g e s  o f  l a c t a t i o n  a n d /o r  v a r io u s  
le v e l s  o f  m ilk  p ro d u c tio n , ( i i i )  fe e d in g  com ple te  fe e d s  in v o lv in g  
d i f f e r e n t  f i b e r  and en erg y  l e v e l s ,  and ( iv )  d i g e s t i b i l i t y  s tu d ie s  o f  
th e  above com plete  r a t i o n s .
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R esu lts  o f  th e  O rth o g o n a l Com parisons Between T reatm ent 
Means f o r  Each Response M easured
A v s . Ba L in ea r  F u n c tio n S td . E rro r T -v alu e
Feed In ta k e
Dry M atte r -2 .1 0 8 3 0.4357 4 .84**
T o ta l  D ig e s tib le  N u tr ie n t -2.250Q 0.2974 7 .56**
E stim a ted  N et Energy -5 .7 0 6 2 0.9952 5 .73**
M ilk  P ro d u c tio n
M ilk -2 .4 1 6 7 0.4483 5 .39**
F a t- c o r r e c te d  m ilk -1 .8 2 5 0 0.3209 5.69**
S o l id s - c o r r e c te d  m ilk -2 .2 8 3 3 0.4237 5 .39**
M ilk  C om position
M ilk f a t 0 .1083 0.0456 2 .37*
T o ta l  s o l id s -0 .1 4 1 7 0.0903 1.57
S o l id s - n o t - f a t -0 .2 5 8 3 0.0928 2 .78*
P ro te in -0 .0 7 5 0 0.0236 3 .18*
Rumen O b serv a tio n s
V o la t i l e  F a t ty  A cids
A c e tic -0 .6917 2.2455 < 1
P ro p io n ic 0 .2333 1.6011 < 1
B u ty ric -0 .3667 0.6322 < 1
PH 0.1583 0.0723 2 .1 9
G ross E f f ic ie n c y
Therms ENE/Kg FCM -0 .1 6 5 2 0.0335 4 .93**
Kg TDN/Kg FCM -0 .0 5 5 8 0.0144 3.87**
a A = 60 Therms; B = 65 Therms p e r  4 5 .4 5  kg D.M.
**  S ig n i f ic a n t  a t  P <  .01
* S ig n i f ic a n t  a t  P <  .05
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TABLE 2a
R e s u lts  o f  th e  O rthogonal Comparisons Between T reatm ent 
Means f o r  Each Response M easured
A, B, v s .  Ca L in ea r F u n c tio n S td . E r ro r T -v a lu e
Feed In ta k e
Dry M a tte r
T o ta l  D ig e s t ib le  N u tr ie n t  










M ilk P ro d u c tio n  
M ilk
F a t - c o r r e c te d  m ilk  
S o l id s - c o r r e c te d  m ilk








7 .9 9 * *
M ilk C om position  
M ilk f a t  
T o ta l s o l id s  
S o l id s - n o t - f a t  
P ro te in
-0 .2 5 8 3
-0 .9 2 5 0
-0 .6917





3 .2 7 *  
5 .92**  
4 .3 0 * *  
5 . 10**
Rumen O b se rv a tio n s
V o la t i l e  F a t ty  A cids 
A c e tic  
P ro p io n ic  












<  1 
1 .40
Gross E f f ic ie n c y
Therms ENE/Kg FCM 
Kg TDN/Kg FCM
-0 .3846
-0 .1 6 4 2
0.0564
0.0268
6 .82**  
6 .13**
a A = 60 Therm s; B «= 65 Therm s; C = 70 T herm s/45.45 kg D.M.
** S ig n i f ic a n t  a t  P <  .01
* S ig n i f ic a n t  a t  P <  .05
TABLE 3a
Average D a ily  Dry M atter In tak e  (kg) o f  Each Cow Fed Complete R ation s
With Three D if f e r e n t  Energy L ev e ls
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
Periods
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
22.4 17.3 20.5 20.3 18.2 22.5 19.9 19.5 15.8 17.6 21.6 22.3
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
17.5 22.9 19.7 18.8 21.4 19.6 17.5 19.5 20.8 20.7 18.1 20.5
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
20.7 20.0 17.5 22.3 19.7 18.3 23.3 18.4 18.4 19.4 16.6 24.0
*  Energy L e v e ls :
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 Therm s/45.45 kg DM
(C) -  70 T herm s/45 .45 kg EM
TABLE 4a
Average D a ily  E stim ated  N et Energy In ta k e  (Therms) o f  Each Cow Fed Complete
R ations With Three D if f e r e n t  Energy L evels
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
32 .0 2 2 . 8 31 .6 29 .0 24 .0 34 .6 28 .5 3 0 .0 20 .9 23 .2 3 3 .3 3 1 .9
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
23 .1 35 .3 28 .2 24.8 33 .0 28 .0 23 .1 2 7 .9 32 .0 31 .9 25 .9 27 .1
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
3 1 .9 28 .6 23 .1 34 .3 28 .2 2 4 .2 35 .9 2 4 .3 26 .3 27.7 21 .9 37 .0
* Energy L e v e ls :
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 T herm s/45.45 kg DM




L e a st Square A nalyses o f  V arian ce  f o r  Dry M a tte r  (DM), T o ta l 
D ig e s t ib le  N u tr ie n ts  (TDN), and E s tim a ted  N et Energy (ENE)
Source o f  
V a r ia t io n




T o ta l 35
Squares (S) 3 1 .52 0 .8 2 12.30
P e rio d s  (P) 2 0 .0 5 0 .05 2 .38
T reatm en t (T) 2 44 .60** 58.53** 273.65**
L in ea r 1 88.93** 117.04** 545.04**
Q u ad ra tic 1 0 .27 0 . 0 1 2.27
Columns/S 8 3 .6 9 1.73 11.72
P x S 6 0 .97 0 .5 7 1 . 6 8
T x S 6 0 .6 0 0 .2 8 2 .1 8
E rro r 8 1 .14 0 .5 3 5 .28
**  S ig n i f ic a n t  a t  P <  .01
TABLE 6 a
Average D a ily  A ctu a l M ilk  P rod u ction  (kg) o f  Each Cow Red Complete R ation s
With Three D if f e r e n t  Energy L evels
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
21 .5 2 2 . 0 24 .9 30 .3 22 .9 28 .9 24 .3 24.5 2 1 . 8 21.7 2 4 .1 23 .5
2 (A) (C) (B) (A) (C) (B) (A) (B)A (C) (C) (B) (A)
18.3 24.7 22.7 23 .3 23 .1 24 .2 23.7 2 1 . 8 2 2 . 8 25 .3 2 1 . 19 .3
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
18.0 2 1 . 1 18.6 2 1 . 6 2 0 . 0 2 0 . 8 28 .3 18.7 2 0 . 1 2 1 . 8 17 .8 22 .7
* Energy l e v e l s :
(A) -  60 T herm s/45.45 kg DM
(B) -  65 Therm s/45.45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 7a
Average D a ily  4% FCM P rodu ction  (kg) o f  Each Cow Fed Complete R ations
With Three D if f e r e n t  Energy L ev e ls
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
19.8 19.6 24 .0 27 .1 2 2 . 2 29 .3 27 .0 2 4 .0 2 0 . 0 21 .3 2 2 . 2 2 0 . 1
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
16.6 21 .9 23 .3 20 .4 22.7 22 .4 21.5 19.8 2 1 . 1 23 .8 18 .4 17.6
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
16 .1 18.2 16.9 2 0 . 0 17.9 19.6 25 .3 16.8 17.6 19.8 16.7 20 .3
* Energy Levels:
(A) - 60 Therm s/45.45 kg DM
(B) - 65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 8 a
Average D a ily  S o lid s -C o rr e c ted  M ilk  P rodu ction  (kg) o f  Each Cow Fed
Complete R ation s With Three D if f e r e n t  Energy L ev e ls
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
19 .1 19.3 24 .1 2 7 .8 2 1 . 2 2 8 .4 27 .0 23 .6 19.6 2 0 .4 22 .3 2 0 . 0
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) CC) (B) (A)
15.7 22 .9 2 2 . 8 19 .9 22 .3 2 1 . 6 2 1 . 1 20 .3 2 1 . 1 24 .0 18 .1 17 .4
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
16.4 18.3 16.6 2 0 . 1 17.9 19.1 2 5 .8 16.3 17.8 19.6 16.3 2 0 . 8
* Energy L e v e ls ;
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 9a
L e a s t Square A nalyses o f  V arian ce  fo r  A c tu a l, 4% FCM, 
and S o lid s -C o r re c te d  M ilk  (SCM) P ro d u c tio n
Source o f  
V a r ia t io n
D egrees o f  
Freedom
Mean Squares
A ctu a l 4% FCM SCM
T o ta l 35
Square (S) 3 13.82** 15.30** 13.39**
P erio d  (P) 2 43 .92** 55.73** 47.68**
T rea tm en t (T) 2 36.44** 35.92** 50.06**
L in e a r 1 6 8 . 6 8 ** 71 .76** 99.63**
Q u a d ra tic 1 4 .2 0 0 .07 0 .48
Columns/S 8 12.31** 11.50** 1 2 . 0 2 **
P x S 6 3 .3 4 4 .3 3 4 .4 2
T x S 6 0 .7 8 0 .8 5 0 .8 3
E rro r 8 1 . 2 0 0 .6 2 1.08
** S ig n i f ic a n t  at P < . 0 1
TABLE 10a
Average D a ily  Feed E f f ic ie n c y  (Therms ENE/kg FCM) o f  Each Cow Fed
Complete R ation s With Three D if f e r e n t  Energy L ev e ls
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
16.1 11.7 13.1 10.7 1 0 . 8 1 1 . 8 10.5 12.5 10.4 10.9 15.0 15 .9
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
13.9 16 .1 1 2 . 1 1 2 . 2 14.5 12.5 1 0 . 8 14.9 15 .2 13.4 14.1 15.3
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
19.8 15.7 13.7 17.1 15.8 12.3 14.2 14.5 14.9 14.0 13 .1 18.1
* Energy L e v e ls :
(A) -  60 Therm s/45.45 kg DM
(B) -  65 T herm s/45.45 kg DM
(C) --7 0  Therm s/45.45 kg DM
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TABLE 11a
L e a s t Square A n a ly s is  o f  V arian ce  f o r  Feed E f f ic ie n c y
(Therms ENE/kg FCM)
Source o f  V a r ia t io n D egrees o f  Freedom Mean Squares
T o ta l 35
Squares (S) 3 0 .077**
P erio d  (P) 2 0 .193**
T reatm ent (T) 2 0.194**
L in e a r 1 0 .380**
Q u a d ra tic 1 0 . 0 1 0
Colum ns/T 8 0 .059
P x S 6 0 .018
T x S 6 0 .003
E rro r 8 0.006
** S ig n i f ic a n t  a t  P <  .01
TABLE 12a
Average M ilk F a t P e rcen tag e  o f  Each Cow Fed Com plete R ations With
Three D if f e r e n t  Energy L evels
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
3 .5 3 .3 3 .8 3 .3 3 .8 4 .1 3 .5 3 .9 3 .4 3 .9 3 .0 3 .5
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
3 .4 3 .2 4 .2 3 .2 3 .7 3 .5 3 .4 3 .4 3 .5 3 .6 3 .0 3 .4
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
3 .2 3 .1 3 .4 3 .5 3 .3 3 .6 3 .3 3 .3 3 .2 3 .4 3 .6 3 .3
* Energy L e v e ls :
(A) -  60 Therm s/45.45 kg DM
(B) -  65 T herm s/45.45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 13a
Average T o ta l S o lid s  P ercen tage in  th e  M ilk o f  Each Cow Fed Complete
R ation s With Three D if f e r e n t  Energy L ev e ls
Squares
I I I I I I IV
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (C)* (A)* < o* (B) (A) (C) (B) (C) (A) (A) (C) (B)
11.6 11.7 12.6 12.2 12.0 12.5 12.1 12.4 11.9 12.1 12.2 11.5
2 (A) (c) (B) (A) (c) (B) (A) (B) (C) (C) (B) (A)
11.2 12.3 12.7 11.3 11.7 12.3 11.7 12.3 12.2 12.4 11.3 11.9
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
12.1 11.7 11.8 12.2 11.9 12.0 12.1 11.5 11.8 12.0 12.0 12.2
* Energy Levels;
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 14a
Average S o lid s-N o n -F a t P ercen tage in  th e  M ilk  o f  Each Cow Fed Complete
R ation s With Three D if fe r e n t  Energy L evels
Animal No:
Squares
I I I I I I IV
822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
8 . 1 8 .4 8 . 8 8 .9 8 . 1 8 .4 8 . 6 8 .5 8 .5 8 . 2 8 .7 8 .5
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
7 .8 9 .2 8 .5 8 . 1 8 . 6 8 . 2 8 .3 9 .0 8 .7 8 . 8 8 .3 8 .5
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
8 .9 8 . 6 8 .4 8 .7 8 . 6 8 .4 8 . 8 8 . 2 8 . 6 8 .5 8 .4 8 .9
*  Energy L e v e ls :
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 T herm s/45.45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 15a
Average M ilk P r o te in  P ercen tage in  th e  M ilk o f  Each Cow Fed Complete
R ation s With Three D if f e r e n t  Energy L ev e ls
Squares
I I I I I I IV
Animal Mo: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
3 .2 3 .1 3 .4 3 .0 3 .0 3 .1 3 .1 3 .0 3 .1 3 .1 3 .1 3 .3
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
3 .2 3 .2 3 .0 2 .9 3 .2 3 .1 3 .0 3 .0 3 .2 3 .1 3 .1 3 .2
3 (C) (B) (A) (c) (B) (A) (C) (A) (B) (B) (A) (C)
3 .2 3 .0 3 .1 3 .1 3 .1 2 .9 3 .1 2.8 3 .2 3 .2 3 .0 3 .4
* Energy L e v e ls :
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
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TABLE 16a
L east Square A nalyses o f  V ariance f o r  M ilk F a t ,  S o lid s-N o n -F a t 
(SCM), T o ta l  S o lid s  (TS), and Crude P ro te in  (CP) ( In  %)
Source o f  
V a r ia t io n
D egrees o f  
Freedom
Mean Squares
F a t SNF TS CP
T o ta l 35
Square (S) 3 0 .0 4 0 .0 3 0 . 0 1 0 .0 4 *
P erio d  (P) 2 0 .16** 0 .0 4 0.06 0 .003
Treatm ent (T) 2 0 . 10* 0 . 68** 0 .91** 0 .06**
L in ea r 1 0 .0 3 1.35** 1.71** 0 . 12**
Q u ad ra tic 1 0 .17** 0.003 0 . 1 2 0 . 0 0 0 1
Columns/S 8 0 .14** 0 .06 0 .14 0 . 0 2 *
P x S 6 0 .0 4 0 .0 3 0 .08 0.005
T x S 6 0 . 1 0 0 .0 8 0 . 1 1 0 . 0 1
E rro r 8 0 . 0 1 0 .05 0 .05 0 .003
** S ig n i f ic a n t  a t  P < .0 1  
* S ig n if ic a n t  a t  P <C .05
TABLE 17a
Average Molar P ercen tage o f  Rumen A c e t ic  A cid (C£) o f  Each Cow Fed Complete
R ation s With Three D if f e r e n t  Energy L evels
Squares
I I I I I I IV
Animal Mo: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
4 7 .1 53 .3 60.7 70 .2 7 0 .6 . 64 .0 69 .7 7 0 .0 62 .9 67 .1 69 .8 6 8 .9
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
70 .6 66 .4 6 9 .0 6 6 .4 72 .0 81 .8 78 .0 81 .7 65 .2 72 .0 7 0 .9 7 4 .2
3 (C) (B) (A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
6 7 .1 7 1 .9 66 .9 71 .6 65 .6 7 4 .3 70 .3 71 .6 65 .3 71.7 69 .6 76 .7
*  Energy L e v e ls :
(A) -  60 Therm s/45.45 kg DM
(B) -  65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 18a
Average Molar P ercen tage o f  Rumen P rop ion ic  A cid (C3 ) o f  Each Cow Fed
Complete R ations With Three D if f e r e n t  Energy L evels
Animal No:
Squares
I I I I I I IV
822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
14.4 13.7 1 1 . 2 9 .9 9 .8 11.7 9 .4 11.3 11 .9 1 2 . 1 9 .3 10 .5
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
10.3 14 .0 11.5 9 .8 10.9 9.7 9 .3 10.5 9 .6 1 0 . 2 1 1 . 8 8 . 8
3 (C) (B) (A) (C) (B) (A) (C) (A) (B). (B) (A) (C)
12.4 1 1 . 0 11.7 1 1 . 1 1 0 . 0 8 .9 1 1 . 2 9 .7 9 .6 12.3 1 0 . 2 1 1 . 2
* Energy L e v e ls :
(A) -  60 T herm s/45 .45 kg DM
(B) -  65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 19a
Average Molar P ercen tage o f  Rumen B u ty r ic  A cid (C4 ) o f  Each Cow Fed
Complete R ations With Three D if f e r e n t  Energy L evels
Squares
I I I I I I IV
Animal Mo: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)* (C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
38 .5 33 .0 28 .1 19.8 19.6 23 .9 20 .9 18.7 25 .2 2 0 . 8 20 .9 2 0 . 6
2 (A) (C) (B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
19.1 19.6 19.6 23.8 17.1 17.2 2 1 . 1 17.2 25 .2 17.9 17 .3 17 .0
3 (C) (B) (A) (C) (B) (A) (c) (A) (B) (B) (A) (C)
20.5 17.1 21 .3 17.3 24 .3 16.8 18.5 18.6 25 .1 16 .0 2 0 . 1 2 2 . 8
* Energy L e v e ls ;
(A) -  60 Therm s/45.45 kg DM
(B) -  65 T herm s/45 .45 kg DM
(C) -  70 Therm s/45.45 kg DM
TABLE 20a
Average Rumen pH P ercen tag e  o f  Each Cow Fed Complete R ations With
Three D if fe r e n t  Energy Levels
__________ I _________  I I _________  I I I ________  IV________
Animal No: 822 825 847 839 833 749 809 828 855 806 824 849
P erio d s
1 (B)* (A)*
6 . 6  6 .9
2 (A) (C)
6 .4  6 .2
3 (C) (B)
6 .7  6 .9
* Energy L e v e ls :
(A) -  60 T herm s/45.45 kg DM
(B) -  65 T herm s/45.45 kg DM
(C) -  70 Therm s/45.45 kg DM
(C)* (B) (A) (C) (B) (C) (A) (A) (C) (B)
6 .9 6 . 6 6 . 6 6 .7 6 .7 6 . 6 6 . 8 6 .7  . 6 .5 6 .5
(B) (A) (C) (B) (A) (B) (C) (C) (B) (A)
6 .4 6 . 8 6 . 2 6 .5 6 . 0 6 .5 6 .7 6 . 2 6 . 0 6 . 6
(A) (C) (B) (A) (C) (A) (B) (B) (A) (C)
7 .3 6 . 6 7 .2 7 .3 6 . 8 6 . 8 7 .1 6 .4 7 .1 7 .2
TABLE 21a
L e a st Square A nalyses o f V arian ce  f o r  Rumen L iquor pH, A ce tic  
(C2 ) , P ro p io n ic  (C3 ) , and B u ty r ic  (C^) F a t ty  Acids
Source o f D egrees o f Mean Squ a re s
V a r ia t io n Freedom pH c 2 c 3 c4
T o ta l 35
Squares (S) 3 0 .0 4 116.29 4 0 .6 7 8 .1 4
P e rio d  (P) 2 0 .9 9 * * 194.56* 8 4 .09* 1.68
T reatm ent (T) 2 0 .1 0 1.76 0 .7 2 1.30
L in ea r 1 0 .1 7 0 .0 2 1.45 2 .60
Q u ad ra tic 1 0 .0 4 3 .51 0 .0 0 1 0 .0 1
Columns/S 8 0 .0 7 30 .72 12.84 0 .85
P x S 6 0 .0 2 36 .49 38.31 0 .59
T x S 6 0 .1 1 8 .67 3 .3 1 1.20
E rro r 8 0 .0 3 30.25 15.38 2.40
** S ig n i f ic a n t  a t  P < .01
* S ig n i f ic a n t  a t  P < .05
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TABLE 22a
C o sts  o f  th e  In g re d ie n ts  and R ations Used
In g re d ie n ts C ost/K g R a tio n s 3 C o s t/4 5 .4 5  Kg*
$ $
G rain  Sorghum S i la g e 0 . 0 1 1 A 2 . 6 8
Ground Yellow Corn 0.072 B 2 .9 8
Soybean O il  Meal 0 .119 C 3 .2 0
S a l t 0.027
Steam Bone Meal 0.146
3  A = 60 Therms; B = 65 th e rm s; C = 70 Therms 
* Dry m a tte r
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TABLE 23a
Symbols and Form ulas Used f o r  E s tim a tin g  N et Energy (ENE) from 
F orage T e s tin g  (Sorghum S ila g e  -  2 6 .0  to  28.07. c ru d e  f ib e r )
SYMBOLS:
CP = Crude P r o te in  
CF = Crude F ib e r  
DM = Dry M a tte r
I .  CALCULATION -  EDP (DM B a s is)







EDP (DM B a s is )  = (CP X 0 .7 5 8 ) -  2 .69
EDP = (_____ X 0 .7 5 8 ) - 2 .69
EDP =
I I .  CALCULATION -  CF (DM B a s is )




I I I .  CALCULATION - TDN (DM B a s is )  
TDN = 78 .48  +  0 .3 9  DP - 0 .835  CF
TDN = 78 .48  + 0 .3 9  ______ -  0 .835  _
TDN = 78 .4 8  + _____  -_______
TDN =
= E s t .  D ig e s t ib le  P ro te in  
= E s t .  T o ta l  D ig e s t ib le  N u tr ie n ts  
= E s t .  N et Energy
IV . CALCULATION - ENE (DM B a s is )  
ENE = 1 .393 X TDN - 34 .63
ENE = 1 .393  ______  -  34 .63
ENE <= ______ Therms p e r  100 lb s  DM
V. CONVERT TO ON FARM BASIS
EDP (Farm) = EDP (DM B a s is )  X DM7.
EDP = _____ %
TDN (Farm) = TDN (DM B a s is )  X DM7.
TDN = ______7.
ENE (Farm) = ENE (DM B a s is )  X DM7. 
ENE = Therms CWT
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